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THE    ROYAL    SOCIETY. 


June  4, 1891. 
The  Annual  Meeting  for  the  Election  of  Fellows  was  held  this  day. 
Sir  WILLIAM  THOMSON,  D.C.L.,  LL.D.,  President,  in  the  Chair. 

The  Statutes  relating  to  the  election  of  Fellows  having  heen  read, 
Sir  Erasmus  Ommanney  and  Professor  Meldola  were,  with  the 
consent  of  the  Society,  nominated  Scrutators  to  assist  the  Secretaries 
in  examining  the  lists. 

The  Totes  of  the  Fellows  present  were  then  collected,  and  the  fol- 
lowing candidates  were  declared  duly  elected  into  the  Society  : — 


Anderson,  William. 

Bower,   Prof.   Frederick    Orpen, 

D.Sc. 
Conroy,  Sir  John,  Bart.,  M.A. 
Cunningham,  Prof.  Daniel  John, 

M.D. 
Dawson,  George  Mercer,  D.Sc. 
BUiott,  Edwin  Bailey,  M.A. 
Frankland,  Prof.  Percy  Faraday, 

B.Sc. 


GKlchrist,  Percy  C. 
Halliburton,  William  Dobinson, 

M.D. 
Heaviside,  Oliver. 
Marr,  John  Edward,  M.A. 
Mond,  Ludwig. 
Shaw,  William  Napier,  M.A 
Thompson,    Professor     Silvanus 

Phillips,  D.Sc. 
Tizard,  Gapt.  Thomas  Henry,  B.N. 


Thanks  were  given  to  the  Scrutators. 
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June  4,  1891. 

Sir  WILLIAM  THOMSON,  D.C.L.,  LL.D.,  President,  in  the  Chair, 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read : — 

I.   "Experiments  on   the  Discharge  of   Leyden    Jars."     By 
Oliver  J.  Lodge,  F.R.S.    Received  May  2, 1891. 

EXPEBIMENTS  ON   THE    DISCHARGE   OF  LeTDBN  JaBS. 

The  following  experiments  among  others  were  made  in  the  oonrse 
of  1888,  beginning  in  February  of  that  year.  A  brief  acconnt  of  the 
early  experiments,  with  some  of  the  deductions  from  them,  was  given 
in  a  conple  of  lectures  to  the  Society  of  Arts  in  March,  1888,  on 
Lightning  Conductors ;  and  in  the '  Electrician,'  vols.  21, 22, 23,  under 
the  same  title,  a  number  of  others  were  published  at  length, 
viz.,  the  series  of  experiments  relating  to  *'the  alternative  path.'^ 
But  the  rest  of  the  experiments  has  never  been  published  in  any 
detail ;  though,  as  they  led  to  some  interesting  observations  con- 
cerning electromagnetic  waves,  and  incidentally  measured  the 
velocity  of  transmission  of  a  pulse  along  an  isolated  wire,  they 
ought  to  have  been  written  out  for  publication  long  ago. 

I  now  venture  to  communicate  them  to  the  Royal  Society,  beginning 
with  such  brief  account  of  the  earliest  experiments  as  may  suffice 

to  render  the  steps  intelligible. 

« 

Description  ofJiars  Used. 

1.  The  pattern  of  jar  ordinarily  used  was  an  open  cylinder  without 
lid  or  neck,  with  the  charging  rod  firmly  supported  from  the  interior 
and  quite  free  from  the  glass  above  the  tinfoil. 

They  were  of  two  principal  sizes,  which  I  call  for  short  "  gallon  " 
and  "  pint." 

Each  gallon  jar  was  40  cm.  high  and  13  cm.  diameter,  coated  to 
within  10*5  cm.  of  the  top  ;  and  the  capacity  of  the  pair  chiefly  used 
was  0*0062  microfarad  each.  Two  in  series  had  a  capacity  of  28  K 
metres.  Each  pint  jar  was  16*5  cm.  high  and  8*2  cm.  diameter,  and 
was  coated  to  within  5  cm.  of  the  top.  The  capacity  of  the  one 
chiefly  used  was  0*0016  microfarad.  Two  pint  jars  in  series  had  a 
i^pacibjroi  6'6  K  metres. 
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In  addition  to  these  ordinary  jars,  a  ooaple  of  large  condensers 
were  made,  each  consisting  of  16  pairs  of  11 -inch  square  tinfoil 
sheets,  separated  by  doable  thicknesses  of  window  glass,  each  pane 
^bont  -^  inch  thick,  and  with  a  good  margin ;  tinfoil  strip  con- 
nectors protruding  on  alternate  sides,  and  copper  wire  prolonga- 
tions, with  all  joints  soldered,  terminating  in  a  pair  of  knobbed  rods 
projecting  upwards  through  stent  glass  tubes  more  than  a  foot  apart ; 
the  whole  thorooghly  soaked  and  embedded  in  a  mass  of  paraffin, 
poured  molten  into  a  strong  teak  outer  case  22  x  20  X  13  inches, 
the  whole  when  finished  weighing  about  3  cwt. 

The  capacity  of  one  of  these  condensers  was  0'028,  of  the  other  0*02, 
microfarad.  Single  glass  thickness  would  have  given  much  greater 
capacity,  but  preliminary  experiments  showed  that  single  thicknesses 
of  glass  were  punctured  by  very  modest  sparks. 

It  is  important  in  these  experiments  to  have  joints  better  made 
than  IB  usual  for  high-tension  electricity.  Fizzing  or  sparkling 
inside  jars  is  abominable. 

Account  op  the  Long  Conductors  used  in  the  Early  Experiments. 

2.  Round  the  Lecture  Theatre,*  supported  on  four  vertical  posts  a 
good  way  from  every  wall,  were  stretched  and  supported,  either  by 
fdlk  thread  or  silk  ribbon  accoixiing  to  the  strength  demanded,  four 
or  five  wires,  two  of  them  of  copper,  one  thick  (No.  1  B.W.G.)  and 
the  other  thin  (No.  19) ;  two  of  them  of  iron,  one  thick  (No.  1)  and 
the  other  thin  (No.  18).  They  are  called  respectively  **  long  thick 
copper,"  "  long  thick  iron,**  "  long  thin  copper,"  "  long  thin  iron." 
Sometimes  a  "  thinnest  iron  **  of  No.  27  B.W.G.  was  used  too.  The 
thick  wires  formed  a  rude  rectangle  840  x  515  cm.  ;  being  joined 
mechanically  not  far  from  their  ends  by  a  foot  or  so  of  silk  ribbon, 
and  sufficient  free  ends  being  left  to  connect  directly  with  jars  or 
machine ;  connexion  Ibeing  usually  made  by  wrapping  tinfoil  tightly 
round  the  joined  conductors.  The  thinner  wires  formed  rather 
larger  rectangles. 

Particulars  of  these  conductors  here  follow  : — 


No.  1  copper 
No.  1  iron  . . 
No.  19  copper 
No.  18  iron. . 
No  27  iron. . 


Length. 


27*1  metres 

271 

30-3 

30-3 

30-3 


» 


») 


Diameter, 


0*74  cm 
071  „ 
0085  „ 
012  „ 
O-OSo 


>> 


Ordinary 
resistance. 


0  025  ohm 
0088 
2-72 
3-55 
33-3 


»» 


»» 


»» 


»> 


Approximate 

effective 
inductance. 


I 


«i 


390  metres 

390 

570 

550 

630 


»> 
» 


Approximate 
capacity. 


5  metres 

5 

3i 

3i 

3 


»» 


'i\ 
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The  copper  is  commercial  qaality  and  eyidently  of  miserable  con- 
dnctivity.  I  afterwards  got  some  real  copper  from  Messrs.  Thos. 
Bolton  and  Sons,  and  with  it  the  phenomena  are  still  better  marked. 

Eably  Experiments. 

3.  The  large  glass  condenser  (0028  mfd.)  was  charged  through 
one  or  other  of  the  long  wires,  and  a  choice  was  offered  the  discharge, 
so  that  it  might  go  either  round  the  wire  or  leap  an  air-gap,  as  it 
chose ;  as  shown  in  fig.  1. 


A  are  the  ordinary  terminal  knobs  of  the  Voss  or  Wimshurst 
machine  where  the  spark  occurs ;  B  is  the  discharge  interval  acting 
as  a  shunt  to  the  wire  or  other  resistance.  MQN  represents  diagram- 
metrically  one  of  the  wires  round  the  room.  The  spark-length  B  was 
adjasted  so  that  it  was  an  off  chance  whether  the  discharge  chose  it 
or  the  wire.  It  was  noticed  that  when  the  discharge  chose  B  the  A 
spark  was  strong,  but  when  the  discharge  chose  the  wire  the  A  spark 
was  weak.  The  difference  appeared  to  be  only  in  the  noise  or  sud- 
denness of  the  spark,  for  when  a  Biess's  electro-thermometer  was 
inserted  in  the  circuit  it  indicated  about  the  same  in  either  case. 

A  capillary  tube  was  filled  with  very  dilate  acid  so  that  its  resis- 
tance was  about  ^  megohm,  and  was  connected  across  the  B  knobs 
instead  of  the  long  wire.  When  this  acid  tube  was  thus  made  the 
alternative  path,  and  the  B  knobs  placed  so  far  apart  that  the  dis- 
charge was  obliged  to  choose  it,  the  A  spark  was  very  weak,  being 
reduced  to  a  quiet  spit,  which  could  be  analysed  by  a  slowly  rotating 
mirror  into  several  detached  sparks. 
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After  a  ntimber  of  readings  of  spark-length,  which  have  been  else- 
where published  (and  which  showed  among  other  things  that  it  made 
very  little  difference  whether  the  alternative  path  were  copper  or 
iron),  a  common  Lejden  jar  was  substituted  for  the  condenser,  and 
similar  results  were  obtained  with  it. 

But  it  was  now  noticed,  in  addition,  that  the  jar  frequently  over- 
flowed by  sparking  over  its  lip ;  and  that  when  this  happened  a  spark 
still  occurred  at  B  though  not  at  A. 

A  special  overflow  or  short-circuiting  path  was  then  provided, 
equivalent  to  a  pair  of  discharging  tongs ;  calling  this  air-gap  C,  it 
was  found  that,  according  to  the  adjustment  of  the  width  of  spark- 
gaps,  flashes  at  B  and  C  could  be  got  without  A ;  or  at  A  and  B 
without  C ;  or  at  C  only.  (This  was  the  beginning  of  experiments  on 
overflow.) 

Putting  acid  resistance  into  the  circuit  at  M  or  at  N  weakens  but 
does  not  stop  the  B  sparks ;  and  it  has  the  same  effect  at  M  as  at  N. 
But  inserting  resistance  at  Q  does  not  weaken  the  B  spark  per- 
ceptibly; neither  does  cutting  the  wire  there;  only  of  course,  in 
order  to  permit  the  charging  of  the  jar  in  this  case,  the  B  gap  has  to 
be  bridged  by  some  imperfect  conductor ;  this  shunt  high  resistance, 
which  may  be  a  piece  of  dry  wood  or  anything  just  sufficient  to 
convey  the  charging  current,  having  no  appreciable  effect  upon  the 
B  spark. 

But  it  was  noticed  that  when  the  wire  was  cut  at  Q  a  singularly 
long  spark  or  strong  brush  discharge  attempted  to  jump  the  space 
there  whenever  the  machine  spark  occurred.  (This  was  the  beginning 
of  experiments  on  "  recoil-kick.") 

It  was  also  found  that  connecting  the  machine  side  of  the  jar  to 
earth  (the  long  wire,  not  interrupted  anywhere,  being  insulated) 
increased  the  strength  of  the  B  sparks  very  much,  and  made  them 
easier  to  get.  Evidently  the  wire  was  acting  as  one  coat  of  a  con- 
denser, the  wall  being  the  other  coat.  Even  when  the  jar  was  dis- 
carded, no  connexion  being  made  in  its  place,  and  the  wire  alone 
used,  sparks  occurred  at  B  perfectly  well  whenever  the  machine  gave 
a  spark  at  A.     (This  led  to  experiments  on  "  the  surging  circuit.") 

Experiments  on  Overflow  (February,  1888). 

Small  Jar, 

4.  Tried  the  arrangement  shown  in  fig.  2,  the  jar  being  pint  size, 
as  described  above,  of  plain  cylindrical  shape,  open  at  top,  with  its  lip 
projecting  2  inches  above  the  tinfoil  so  that  the  overflow  distance  was 
4  inches.  The  long  wire  was  the  30  yards  of  No.  1  copper.  In  addi- 
tion to  the  machine  spark-gap  A,  a  couple  of  other  intervaV^  \^c^<^^ 
D   and  F  were  also  provided;   the  spark-gap  D  being  l^d  u^  W 
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through  the  long  thick  wire,  the  spark-gap  F  through  the  capillary 
water  tube  of  high  resistance  already  mentioned.  The  A  knobs  were 
each  2*34  cm.  diameter.  The  size  of  the  others  does  not  seem  to  be 
recorded. 

Fio.  2. 


^nf  tkt,ck  cQpp^f" 


Separating  the  machine  knobs  too  far  for  a  spark  there,  sparks 
could  be  got  either  at  C  or  at  P  or  over  the  lip  of  the  jar,  or  in  two  Or 
three  places  at  once.  The  lengths  were  D  =  0*72  inch,  F  =  0*68  inch. 
Bringing  the  A  knobs  nearer  together,  a  distance  of  0*57  inch,  it  went 
there  too.  The  A  spark  is  the  noisiest,  then  D,  and  lastly  F;  F  is  in 
fact  quite  weak.  When  it  sparks  at  D  it  mostly  goes  at  F  too,  and 
likewise  overflows  the  lip  of  the  jar,  but  not  always. 

Shorten  all  the  air-gaps  so  as  to  avoid  overflow,  and  they  spark 
simultaneously  at  the  following  distances  : — 

A  D.  F. 

0-435  0-565  0575 

Modified  the  plan  of  connexions  to  that  shown  in  fig.  3  ;  the  second 
water  resistance  or  "  leak  "  being  now  introduced  merely  in  order  to 
give  the  jar  the  possibility  of  charging. 

Whenever  an  A  spark  occurs,  a  considerable  range  is  permissible 
with  the  others.  As  to  F,  it  does  not  matter  how  shoi*t  that  is  made  ; 
it  is  affected  by  the  others,  but  has  no  effect  on  them.  The  overflow 
of  jar  specially  accompanies  a  spark  at  D.  Frequently  sparks  occur 
in  all  four  places  at  once  ;  and  at  times  the  overflows  of  jars  are 
violent  and  numerous,  so  that,  when  A  and  D  are  both  pi*etty  long, 
flashes  fly  from  cork  and  wood  and  almost  anything  that  happens  to 
be  in  contact  with  the  jar.  (The  jar  stood  on  a  wooden  block  on  ai. 
insulating  stool :  it  was  principally  from  this  that  flashes  sprang 
BometijneB,^ 
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Fie.  3. 


V\F 


l^c^h 


icftj  thUk  arpp^' 


The  following  readings  give  an  jidea  of  the  range  of  adjustment 
permissible;  all  the  flashes  in  a  horizontal  line  occurring  simnl- 
taneonsly : — 

Length  of  Sparks  (in  inches). 


A.         D. 

F. 

Jar  lip. 

Remarks. 

0*48  ,  0'&3 

0*48 

Overflowed  (4  inches). 

0*48 

— 

0*48 

Quiet. 

0-48 

0-42 

0*87 

Overflowed. 

0  69     0  -32 

0-46 

Overflowed. 

Here  F  began  to  fail. 

0-69     103 

0  0 

Overflowed  violently. 

Here  D  began  to  fail. 

0-69 

103 

0-9 

Flashing   from   wood  or 
anything. 

Here  F  began  to  fail  again,  or 
to   be    replaced    by    other 

1 

flashes. 

Thns,  with  a  long  D  spark,  F  could  be  anjtliing  up  to  nine-tenths 
of  an  inch;  whereas,  with  a  short  D  spark,  it  failed  at  half  that 
distance.  The  jar-overflow  is  precipitated  bj  a  moderate  A  spark  if 
D  occur  too.  D  can  be  much  longer  than  A.  If  both  A  and  D  are 
long,  the  overflow  is  violent. 

Larger  Jar, 

Now  replace  the  first  pint  jar  by  one  of  the  large  "  gallon  "  jars  of 
similar  open  shape,  but  with  the  glass  protruding  4  incliQiB  a\x>^e  ^i\\.% 
eoatiiigBy  80  tha*  ita  overBow  Baah  was  8  inches  long. 
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(The  capacity  of  the  jar  was  0'0062  microfarad.) 

With  A  spark  0*62  inch  long,  the  D  and  F  gaps  might  be  anything, 
but  80  long  as  the  D  spark  was  allowed  to  pass  the  jar  overflowed 
every  time  the  machine  gave  a  spark  at  A. 

On  patting  one  terminal  of  the  machine  to  earth  (the  one  not 
attached  to  the  jar),  the  D  spark  is  considerably  lengthened;  and, 
even  when  the  knobs  are  widely  separated,  brashes  leap  from  each 
into  the  air  whenever  an  A  flash  occars. 

Simplified  Connexions. 

5.  Tried  now  this  same  gallon  jar  connected  ap  to  the  machine  in 
the  simplest  possible  manner,  either  direct  by  a  foot  or  so  of  ordinary 
wire,  or  else  by  the  long  thick  copper  roand  room  or  some  other  long 
wire,  or  sometimes  by  both,  as  shown  in  flg.  4,  so  as  to  see  what 
difference  the  length  of  connecting  circait  made  to  ease  of  overflow. 

Fio.  4. 


The  machine's  knobs  were  gradnally,  separated  until  the  jar  flashed 
over  its  lip,  and  then  their  distance  apart  was  read.  It  was  foond 
that  with  the  long  connector  a  very  much  shorter  A  spark  was 
safficient  to  caase  overflow  than  with  the  short-circaiting  wire.  And 
not  only  was  it  shorter,  it  was  incomparably  quieter ;  the  jar  seemed 
to  overflow  without  any  trouble  or  violence  when  attached  to  the 
long  circuit,  whereas,  when  this  was  short-circuited  out,  the 
A  spark  had  to  be  long  to  cause  an  overflow,  and  when  it  occurred 
its  violence  was  great,  as  if  threatening  to  smash  the  jar.  If,  under 
these  circumstances,  the  short  circuit  was  removed  and  the  long  wire 
replaced,  the  jar  overQowed,  not  in  one  streak,  but  in  a  torrent  or 
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cascade  of  sparks ;  the  number  of  these  splashes  gradnallj  decreasing 
down  to  one  again  as  the  spark  A  was  shortened. 

It  was  also  found  that  after  an  overflow  another  was  more  likelj, 
whereas  after  a  failure  another  failure  was  probable  :  that  there  was, 
in  fact,  a  kind  of  hysteresis,  the  conditions  of  overflow  being  easier 
for  a  decreasing  A  spark  than  for  an  increasing  ope  of  the  same 
length.  This  seemed  especially  noticeable  when  the  long  connector 
was  thin  copper,  instead  of  being  so  thick  and  massive  as  the  No.  1 
copper  on  the  one  hand,  or  so  highly  resisting  as  thin  iron  on  the  other. 

The  table  on  p.  10  summarises  the  readings.  The  full  contrast 
does  not  come  out  strong  in  the  early  numbers :  there  is  some  caprice 
about  whether  the  jar  overflows  or  not,  probably  having  something 
to  do  with  the  state  of  the  glass  surface. 

The  contrast  comes  out  best  towards  the  middle  of  the  table.  The 
'*  thick  copper  "  and  other  long  wires  are  those  specified  in  §  2. 

Spiral  Vonductor. 

6.  Another  connecting  path  was  now  made,  consisting  of  8  yards 
of  the  No.  1  copper  wound  into  an  open  spiral  about  a  foot  in 
diameter,  and  suspended  in  air  by  ribbon,  as  indicated  by  the  dotted 
line  in  fig.  5 ;  when  in  use,  its  two  ends  were  led,  one  to  a  machine 
terminal,  the  other  to  outer  coat  of  gallon  jar,  whose  inner  coat  was 
connected  to  the  other  machine  terminal. 

This  being  so,  the  lengths  of  machine  spark  needed  to  make  the 
jar  overflow  (round  its  lip  always)  under  different  circumstances  were 
again  read  as  follows : — 


Kind  of  connector  iised. 


'Thick  copper  spiral 

Short  circuit  • 

Spiral  again 


o  -^  Lonff  thick  wire  round  room 
^      Both  this  and  spiral  in  series 

The  two  in  parallel 

The  spiral  alone  again 


-a 


Length  of  a  spark  needed 
for  overflow. 


V. 


>4 

OS 


a 


fThick  copper  spiral , 

Thick  wire  round  room . . 

Spiral 

Short  circuit 

Spiral 

Thick  iron  wire  round  room    

Iron  and  copper  round  room  in  parallel. . . . 

Iron  alone 

Ck)pper  alone 

Short  circuit 

^Copper  again 


0  -61  inch. 

1-50 

0*63 

0-67 

0-56 

0  62 

0*61 


)f 


it 


it 


It 


0-58  to  0-52  inch. 
0  51  inch. 
0-63 


11 

0-54 

0-66 

0-62 

0-67 

0-52 

1-4 

0-52 


»> 


a 


)t 


>) 
n 


It 


»> 
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Connector  used  between 

machine  and  outer 

coat  of  jar. 

Length  of  A  spark 

able  to  make  jar 

overflow 

(in  tenths  of  inch). 

Bemarks. 

Short  wire    

7  0 
5-6 

Long  thick  copper  wire 

Long  thin  copper  wire    

from  6  -65  to  7  '4 

According  to  which  it  did 
last 

Long  thin  iron  wire    

7-8 

Short  wire  aerain  ••..•■ 

9-5 

^*m^t^^^^   Wr        ■•    ^»^  ^^      %VKk%V&AA     ■■      vV      ••      ••      ••      •• 

Long  iron  shunted  by  short 

11-5 

No  overflow. 

wire 

Lone  iron  alone  •• 

11-5 
6-4 

Still  no  overflow. 
Overflows  every  time  until 
gap  is  shortened  to  this. 

^^^^  ^^  ^^^  Pl^         ^V4V     ^^  ^B^B           W^F^B  ^^  ^»^B  ^1^              ^P     ^p        V       V        V       V        V     ^P         V       V          V        * 

Thick  copper  aeain 

Thick  copper  shunted  bj  short 

17  0 

Does  not  overflow  till  this 

wire 

long  and  noisy  spark  is 
reached. 

Long  thick  copper  alone 

6*2 

Still    overflows    even    at 
this,  the   spark    being 

gentle. 

Retain  thick   copper.    Earth 

6-25 

Jar  still  overflows. 

one  knob  of  machine 

Retain  thick  wire,  but  earth 

5*9 

jar  end  of  it 

Now  earth  machine  end  of  it. . 

6*25 

Short  circuit  it  once  more .... 

17  0 

Still  does  not  overflow. 

Simple  thick  wire  alone  once 

6-6 

Overflows. 

more 

Thin  copper  wire 

min.  6-4,  max.  7*1 

A    little    indeterminate. 

^^^  ^^"  ^^^m^m         ^^  ^^    ^p*    Hr  ^^  4^            »  w    ^b  ^    ^^    VV        VVVW        W^        •W        Vv 

according    to  whether 

overflow  or  failure  hap- 

pened last ;  that  which 
happened     last    being 

easiest  to  get  again. 

Short  circuit  afirain 

A   has  to    be    enormous 

o 

before  it  overflows. 

Thin  iron  wire 

9*2 

With  this  thin  iron  wiK»  ' 

^.^    ^.i^V^V^B^*         ^*^V     ^V  ^B^ft             V           ^^ft    ^^     ^      9        ^^        BH         9^         99         99         99 

the  overflow  point  seems 

definite,whereas  with  the ' 

■ 

thin  copper  it  was  not. 

AH  three  long  wires  in  parallel 

G-4 

Thick  wire  again,  but  with  a 

6-5 

bridge  across  trying  to  shunt  < 

out  all  but  about  -i  yards 

of  it 

Short-circuit  again  added  .... 

10-3 

, 

Kemove  the  bridge  but  leave  • 

from  8  -7  to  10  -2 

No    apparent  reason  for  | 
this  snortness. 

the  short-circuit 

Disconnect  one  end  of    thick 

9*4 

wire,  but  leave  short-circuit  I 

Disconnect  both  ends,  having  ; 

9-4 

So  now  evidently  the  jar 

only  short-circuit 

is  easier  to  spark  over, 
as  it  was  at  the  begin- 
ning. 

Restore  thick  wire  simply .... 

5*5 

1 
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Effect  of  High  Resistance, 

7.  Interpose  the  capillary  liquid  tube  {\  megohm)  in  the  circnit 
of  the  thick  copper  wire,  putting  it  at  one  or  other  end  of  it,  and  the 
jar  refuses  to  overflow,  although  the  spark-length  A  is  increased  to 
2^  inches. 

The  spark  is  quiet,  long,  and  zigzaggy.  The  resistance  has  the 
same  effect  at  either  end,  but  the  spark  seemed  straighter  when  the 
resistance  was  at  jar  end  of  long  wire. 

To  test  effect  of  putting  resistance  inte  the  middle  of  a  long  con- 
nector, both  the  thick  wires  round  room  (one  copper,  the  other  iron) 
were  joined  in  series  and  used  as  connecter.  Overflow  began  when 
A  ^  0'6  inch.  The  wires  were  now  disconnected  at  their  far  ends, 
and  the  capillary  tube  made  te  bridge  the  gap.  The  jar  now  refused 
to  overflow,  though  A  was  more  than  trebled  in  length.  (Fizzing 
stopped  it  at  that  point.) 

Contrast  between  C  Path  and  Overflow. 

8.  But  when  an  artificial  overflow  path  is  supplied  te  the  coatings 
(as  indicated  by  the  strong  line  to  a  0  knob  in  ^g,  6)  the  matter  is 
different.  It  does  not  now  feel  the  effect  of  a  long  circuit  as  different 
from  that  of  a  shorfc  one.  The  space  at  C  being  0*94  inch,  a  spark 
jumped  there  sometimes  and  sometimes  at  A  =  0*75,  with  the  higb 
resistance  interposed  in  the  two  long  leads ;  and  just  the  same  hap- 
pened when  the  resistance  was  removed  and  the  long  wires  directly 
connected. 

Shorten  A  to  0*64,  and  it  was  unable  to  select  C,  but  it  jumped  the 
lip  of  the  jar  instead.  It  preferred  8  inches  of  jar-lip  to  1  inch 
between  the  C  knobs.  When  strong  enough  it  would  seem  to  go 
at  C ;  when  too  weak  for  that  it  jumps  the  edge ;  but  this  is  not 
a  clear  account  of  the  matter.  A  better  statement  is  the  follow- 
ing:— 

An  A  spark  precipitates  an  overflow  (i.e.,  over  the  lip  of  the  jar), 
but  it  does  not  precipitate  a  C  spark.  When  a  spark  occurs  at  C 
there  is  quiet  at  A.  The  A  and  C  sparks  are  alternative,  not 
simultaneous.  Moreover  a  C  spark  does  not  cause  overflow.  An 
A  spark  can  easily  occur  without  the  edge  of  the  jar  being  jumped, 
but  the  edge  is  never  jumped  without  an  A  spark.  (Connexions 
being  as  in  fig.  4,  with  the  addition  of  a  short  C  or  artificial  overflow 
path,  as  shown  by  the  thick  line  in  fig.  5.) 

Long  Connector  in  C  Circuit, 

9.  But  now  the  thick  copper  spiral  above  mentioned  (.^6^  'w^a 
arranged  to  connect  one  of  the  C  knobs  with  the  outer  coat  oi  ita  ^ar 
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(as  indicated  by  the  dotted  line  in  fig.  5 ;  the  strong-line  shnnt  being 
removed),  one  of  the  two  long  thick  wires  ronnd  the  1*0001  being  used 
to  connect  np  the  machine  to  the  same  enter  coat,  as  in  fig.  4. 
Under  these  circumstances,  simnltaneons  sparks  could  be  got  at  A 
and  at  G,  and  both  about  the  same  length,  but  not  when  thej  are  too 
long,  say,  A  =  0*52,  C  =  0*57  inch.  But  now  the  jar  can  be  made 
to  overflow  by  either  spark  if  of  sufficient  length.  Thus  if  A  =  0'61 
or  if  0  =  0*74,  the  jar  lip  gets  jumped,  and  sometimes  the  A  spark 
occurs,  sometimes  the  C,  but  not  both.  Another  reading:  A  =  0'69 
or  C  =  0*94 ;  jar  overflows  in  either  case. 

Restore  now  the  usual  short  wire  to  the  C  knobs,  and  the  G  spark 
still  often  goes,  but  it  has  no  effect  on  the  jar.  The  A  spark  makes 
the  jar  overflow  as  before. 

But  if  the  long  lead  between  machine  and  jar  be  short-circui ted- 
out  (as  by  the  dotted  line  of  fig.  4),  while  the  thick  copper  spiral 
still  joins  up  to  the  G  knobs  (as  indicated  by  the  dotted  line  in  fig.  5), 
then  A  cannot  make  the  jar  jump,  while  G  can  easily. 

Thus  overflow  is  always  easily  produced  by  the  action  of  the  spark 
occurring  in  a  long  good-conducting  lead,  not  in  a  short  or  bad-con- 
ducting one. 

Effect  of  Iron  Gore, 

10.  Using  the  thick  copper  spiral  as  before  (§6)  to  make  the  pint 
jar  overflow,  1  tried  whether  inserting  large  massive  iron  bars  in  it 
as  a  magnetic  core  would  have  any  effect.  There  happened  to  be 
three  large  bars,  each  about  3  inches  in  diameter,  which  were  used. 
They  were  of  soft  ii-on,  and  intended  for  the  legs  of  an  electromagnet. 

No  effect  was  found.  The  length  of  the  A  spark  needed  to  make 
the  jai*  overflow  was,  as  near  as  one  could  tell,  the  same,  whether  the 
iron  was  in  the  spiral  or  not.     Thus : — 

Without  iron •. . . .      A  =  0-53 

With  one  bar  in  spiral 0*51 

With  three  bars 0515 

^o  di£Ference  that  one  covld  be  sure  of. 
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'Effect  of  Oapamty, 

11.  The  spiral  was  now  slmnted  out  by  a  couple  of  Ley  den  jars  in 
series,  i.e.,  with  their  knobs  touching  either  end  of  it  and  with  their 
outer  coats  connected.  If  the  jars  only  touched  one  end  of  the  wire, 
they  had  no  effect ;  but  when  they  touched  both  ends,  a  larger  A  spark 
was  needed  to  cause  overflow. 

With  the  spiral  alone •      A  =  0*53 

With  the  capacity  shunt A  =  0*76 

Experiments  on  Large  Condenser, 

12.  It  was  not  desirable  to  expose  the  large  condenser  §  1  to  such 
conditions  as  would  make  it  want  to  overflow,  because  overflow  with 
it  would  mean  bursting ;  but  one  of  the  pint  jars  was  arranged  on  it 
as  a  safety  valve,  and  it  was  then  connected  up  to  the  machine.  On 
now  taking  machine  spark  at  A,  the  pint  jar  might  or  might  not 
overflow  its  4  inches. 

With  very  short  connexions A  =  0*5  inch  did  not  overflow  it. 

With  wires  each  a  yard  or  so  long. .      A  =  0*4  inch  was  sufficient. 
And  with  spiral  of  thick  copper ...      A  =  0*3  inch  was  enough. 

Iron  Core  Again. 

13.  Tried  a  stout  spiral  of  brass  wire  (a  spiral  spring  about  a  foot 
long  and  an  inch  diameter)  ;  it  made  the  jar  overflow  fairly  easily. 
Then  inserted  in  the  spiral  a  bundle  of  fine  iron  wires  wrapped  in 
paraffin  paper,  but  could  detect  no  difference  whatever,  cf.  §  10. 

Summary. 

14.  The  noteworthy  circumstance  in  all  these  experiments  is  the 
remarkable  action  of  a  long  thick  good  conductor  in  causing  the  jar 
to  overflow,  especially  if  it  be  insulated,  the  most  powerful  con- 
ductor for  this  purpose  being  one  with  considerable  self-induction 
and  capacity  but  very  little  resistance.  Evidently  such  a  conductor 
assists  the  formation  of  an  electric  surging,  whose  accumulated 
momentum  charges  the  jar  momentarily  up  to  bursting  point.  Re- 
sistance damps  the  vibrations  down,  and  short  wires  have  insufficient 
electric  inertia  and  capacity  to  get  them  up.  Iron,  whether  massive 
or  subdivided,  shows  no  effect  whatever  on  the  effective  inductance  of 
a  circuit  surrounding  it. 

It  IB  also  noteworthy  how  far  more  readily  a  jar  overfto'WB  ^tqcW^ 
between  i/»  co&tinga  over  the  lip  than  it  does  througVi  a  ^^  oi 
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discharging  tongs  held  round  the  lip.  Probably  the  sharp  edges  of 
the  tinfoil  contributed  to  this  effect,  possibly  also  dust  or  other 
specks  on  the  surface  of  the  glass,  or  it  may  be  the  action  of  the  air 
film  itself,  but  it  seems  as  if  the  extremely  small  inductance  of  such  a 
path  likewise  aids  what,  if  it  is  to  occur  at  all,  must  take  advantage 
of  a  flood  tide,  a  millionth  of  a  second's  duration. 


Confirmatory  Experimests  (6th  March,  1888). 

15.  Two  similar  jars,  each  with  dischargers,  were  connected  a» 
shown  in  fig.  6. 

Fig.  6. 

C 


^Aick  wvre5  ro^ 


A  spark  at  A  now  caused  the  distant  jar  to  overflow  easily,  but  had 
no  effect  on  the  near  one.  Similarly,  a  spark  at  C  caused  the  jar 
distant  from  C  to  overflow  easily,  but  had  no  effect  on  its  own  jar. 

An  A  spark  never  caused  a  spark  at  C.  Sparks  occurred  either  at 
A  or  at  C,  according  to  which  happened  to  be  the  narrowest  gap,  but 
not  at  both ;  and  it  was  always  the  jar  most  distant  from  the  spark 
that  overflowed  its  lip. 

16.  The  explanation  probably  depends  upon  the  fact  that  when  a 
spark  discharges  its  near  jar  the  charge  from  the  distant  one  rushes- 
forward,  but,  not  being  able  to  arrive  in  time,  surges  back  violently 
and  overflows.     The  effect  can  probably  be  imitated  with  a  long* 
water  trough  by  momentarily  opening  and  suddenly  closing  a  trap- 
door at  one  end.     It  can  certainly  be  observed  in  a  lavatory  where- 
there  is  a  constantly  dribbling  cistern  for  flushing  purposes.      By 
opening  and  suddenly  closing  one  of  the  wash-basin  taps  a  surging 
is  set  up  in  the  connecting  pipe,  and  the  dribble  becomes  a  periodic- 
for  a  second  or  two,  injsynchronism  with  the  period  of  longitudinal 
vibration  of  the  water  in  the  pipe. 
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Something  apparently  of  the  same  sort  has  been  qnite  recently 
observed  with  sinnously  alternating  currents  by  Mr.  FeiTanti  in  the 
Deptford  mains.  Bnt  whereas  that  case  can  be  described  as  a  long 
stretch  of  capacity  with  locally  concentrated  inductance,  mine  is  a  long 
stretch  of  inductance  with  locally  concentrated  capacity.  Accord- 
ingly, while  he  observes  an  extra  current-amplitude,  I  observe  an 
extra  potential. 

The  phenomenon  in  another  form  seems  to  have  been  first  observed 
by  Sir  W.  R.  Grove,  and  fully  explained  by  Clerk  Maxwell  (see  '  Phil. 
Mag.,'  for  March  and  May,  1868).  It  was  subsequently  rediscovered 
by  Dr.  Muirhead,  and  explained  by  Dr.  Hopkinson  (*  Joum.  S.T.E.,* 
1884).  A  note  sent  by  me  to  the  *  Electrician  '  for  24th  April,  1891, 
contains  a  summary  of  the  history  and  explanation. 

Discussion  op  Ovirflow  and  Surqino  Experiments. 

17.  For  the  complete  explanation  of  the  overflow  experiments,  the 
static  capacity  of  the  long  wire,  and  the  momentum  of  the  pulses 
rushing  along  it,  must  be  taken  into  account,  and  a  wire  is  more 
effective  when  insulated  and  charged  than  wHen  lying  on  the 
ground. 

It  does  act,  however,  even  when  lying  on  the  ground,  i.e.,  when  its 
magnetic  momentum  is  all  that  can  be  supposed  effective.  But  the 
ordinary  theory  of  discharge  oscillation  will  not  account  for  the  jar 
being  thereby  raised  to  a  higher  potential  than  it  was  at  the  begin- 
ning of  the  series;  the  amplitude  of  the  vibration  necessarily  de- 
creases. Hence  it  is  probable  that  the  fact  of  overflow  does  not 
prove  that  the  entire  potential  of  the  jar  is  raised ;  only  that  the 
potential  of  the  tinfoil  edges  is  excessive.  The  charge  is  probably 
not  nniformly  distributed  at  the  extremity  of  each  swing.  The 
fringe  of  sparklings  above  the  edge  of  the  tinfoil  are  well  known 
whenever  a  jar  is  discharged ;  and  overflow  is  merely  an  exaggera- 
tion of  these  sparklings,  which  usually  leap  up  and  subside.  In  fact 
they  can  be  seen  to  jump  higher  and  higher,  as  the  spark  is  gradually 
increased,  until  the  lip  is  leaped. 

The  idea  of  the  pulses  rushing  along  the  connecting  wires,  and 
adding  their  momentum  to  the  oscillation  of  the  jar-discharge,  sug- 
gests that  there  must  be  a  best  length  for  the  connectors,  viz.,  when 
the  period  of  their  pulses  agrees  with  the  period  of  oscillation  of  the 
discharge ;  and  the  fact  that  there  is  a  best  length  is  found  experi- 
mentally. 

The  same  length  of  connector  is  not  equally  efTective  with  pint  and 
gallon  jars.  A  longer  one  is  best  for  the  larger  jar ;  and  if  a  con- 
nector be  too  long  it  does  not  promote  overflow  any  more  v\gOTOu^\v 
that  if  it  were  Bomewhat  too  abort. 
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Tlie  damping  effect  of  resistance  no  donbt  partly  comes  in  here  as 
helping  to  account  for  the  evil  of  unnecessarily  long  connecting  wires ; 
and  no  fine  adjustment  of  length  has  been  found  necessary  to  bring 
out  in  a  marked  manner  the  surging  effects. 

If  any  experimenter  should  fail  to  obtain  these  conspicuously,  he 
probably  has  his  connectors  too  short  or  too  long.  It  is  advantage- 
ous, though  not  essential,  to  have  the  long  wire  insulated.  It  is 
essential  to  have  it  highly  conducting.  Iron  is  for  these  purposes  by 
far  the  worst  conducting  metal,  because  it  is  magnetically  throttled 

Another  small  point  is  that  good  contacts  aid  in  causing  overflow  ; 
especially  when  the  connecting  wires  are  not  long  enough.  Insigni- 
ficant air  spaces  suffice  to  damp  out  some  of  the  vigour  of  the  sub- 
sidiary oscillation  to  which  these  effects  seem  due.  With  long 
massive  leads,  however,  good  joints  are  not  of  so  much  consequence. 

(Parenthetically  it  may  be  remarked  how  well  adapted  the  usual 
orthodox  lightning  conductor  is  to  develop  violent  surging  and 
splashing  effects.) 

Further  Overflow  and  Surging  Circuit  Experiments, 

18.  Two  jars  standing  side  by  side,  and  connected  in  parallel  by 
long  wires  to  the  machine,  sometimes  both  overflowed.  Sparks 
taken  at  the  jar  knobs  with  ordinary  discharging  tongs  had  no  such 
effect. 

The  tongs  were  sometimes  arranged  over  the  lip  of  a  jar,  so  as  to 
help  its  overflow  if  possible ;  but  it  was  not  easy  to  do  this.  Near 
the  edge  of  each  coating  they  had  the  best  chance,  but  the  splash 
usually  preferred  an  immense  jump  through  air  over  a  glass  surface 
to  a  much  smaller  jump  through  the  discharging  tongs.  Overflow  is 
evidently  a  very  quick  effect,  and  must  occur  in  a  hurry  or  not  at 
all. 

A  couple  of  jars  standing  side  by  side  on  the  same  metal  plate  had 
a  gap  between  their  knobs  as  shown  in  fig.  7,  and  one  of  them  was 
connected  by  long  leads  to  the  machine.  It  now  often  sparked  across 
G  into  the  second  jar  when  an  A  spark  occurred.  But  the  second  jar 
was  not  thereby  charged.  The  charge  just  sprang  into  it  and  out 
again. 

Connector  vnthout  Self -induction. 

19.  Connected  up  a  jar  to  the  machine  with  a  special  anti-induction 
zigzag  of  tinfoil,  folded  to  and  fro  in  twenty  long  layers  with  several 
thicknesses  of  paraffin  paper  between.  Gould  detect  no  efiect  on  the 
jar  overflow.     It  acted  like  a  simple  short  circuit. 

Tried,  on  the  other  hand,  a  high  inductance  coil,  viz.,  the  gutta- 
peivha-covered  bobbin  of  a  Wiedemann  galvanometer,  with  an  iron- 


1891.] 


the  Discharge  of  Leyden  Jars, 


17 


Fm.  7. 


wire  core  inside :  bat  its  resistance  was  too  high  :  it  damped   the 
oscillations. 

Connector  with  Self-induction. 

Interposed  between  machine  and  jars  two  thin  wires  round  the 
room,  and  led  the  outer  coats  of  the  jars  direct  to  a  diseh  arger,  u& 
in  fig.  8. 

Fio.  8. 
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The  jars  being  gallon  jars,  standing  on  wooden  table.  Compared 
A  and  B  sparks ;  B  was  very  long.  Then  substituted  short  wires 
for  the  long  ones,  and  compared  again.  B  was  nearly  as  short  as  A. 
Readings  follow : — 


Jars  joined  to  machine  by  long  wires  . . . 
Short  wires  substituted 

• 

Length  of  A 
spark. 

Length  of  B 
spark. 

0  '4  inch 
0-4    „ 

2  '2  inches 
0-6    „ 

\f     -m        „ 

Overflow  of  Plate  Condenser, 

20.  Connected  a  pair  of  tea-trays  to  the  machine  by  long  thick 
wires,  and  fixed  them  par^lel  to  one  another,  keeping  them  asnnder 
by  glass  or  paraffin  pillars ;  the  jars  standing  on  a  wooden  table,  or 
being  otherwise  leakily  connected  so  that  they  might  charge.  Every 
machine  spark  at  A  (fig.  9)  caused  long  brashes,  or  sometimes  re- 
markably long  flashes  between  the  plates. 


Fia.  9. 
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A  jar  standing  on  bottom  plate  will  receive  a  flash,  but  it  will  not 
necessarily  be  thereby  charged ;  a  slight  residual  charge  may  be 
found  in  it,  but  no  more. 

Points  also  get  struck,  just  as  noisily  as  knobs,  and  no  more  readOy. 
Crowds  of  points,  and  knobs  of  all  sizes,  get  struck  equally  well,  if 
of  the  same  height  and  all  equally  well  connected  to  the  bottom 
plate.  The  highest  gets  struck  at  the  expense  of  the  others.  Often, 
however,  several  get  struck  at  once.  A  gas-flame  burning  on  the 
bottom  plate  gets  struck  at  a  much  greater  distance  than  does  any 
metallic  conductor.     The  weak  hot-air  column  is  precisely  what  this 
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overflow  discharge  prefers.  It  takes  it  in  preference  to  a  metal  rod 
of  twice  the  apparent  elevation,  and  strikes  down  right  through  the 
flame. 

But  thongh  it  thns  readily  smashes  a  weak  dielectric,  it  will  not 
take  a  bad  conductor.  A  wet  string  or  water  tube  may,  in  ^t, 
reach  right  np  till  it  touches  the  top  plate,  and  jet  receive  no  flash, 
while  the  other  things  shall  be  getting  struck  all  the  time. 

When  the  striking  distance  is  too  great  for  a  noisy  flash,  a  crowd 
of  violet  brushes  spit  between  the  top  plate  and  protuberances  on  the 
lower  plate:  reminding  one  of  some  lightning  photographs.  The 
effect  is  still  more  marked  if  the  top  plate  is  a  reservoir  of  water  with 
a  perforated  bottom.  The  rain  shower  increases  the  length  of  these 
multiple  gentle  high-resistance  purple  discharges.  Adding  salt  to  the 
water  tends  to  bring  about  the  ordinary  noisy  white  flash  of  great 
length. 

Contrast  between  Path  of  Discharge  under  circumstances  of  Hurry  and 

Leisure. 

21.  When  the  plates  are  arranged  as  in  fig.  9,  so  that  until  an  A 
spark  occurs  they  are  at  the  same  potential  and  are  then  filled  by  a 
siudden  and  overflowing  rush  of  electricity,  all  good-conducting 
things  of  the  same  height  struck  equally  well,  independently  of  their 
shape. 

But  when,  on  the  other  hand,  the  difierence  of  potential  between 
the  plates  was  established  gradually,  as  in  fig.  10,  so  that  the  strain 

Fio.  10. 


d^rtA 


in  the  dielectric  had  time  to  pre-arrange  a  path  of  least  resistance,  then 
fiimall  knobs  got  struck  in  great  preference  to  big  ones,  and  points 
could  not  be  struck  at  all,  because  they  take  the  dischaftrge  quietly. 

An  intermediate  case  is  when  the  charge  and  discharge  oi  tVve  \x>^ 
plate  is  brought  abon^  hy  pulling  a  lever  over  with.  Btrmg^  «o  tt^a  \a 
connect  it  with  the  jar,  ob  in  £g.  11, 
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Sparking  Distance  between  Plates  in  the  Different  Cases. 


Terminal  of  rod 

standing  on  bottom 

plat«. 

Sudden  rush 

caused  by  A 

spark,  fig.  9. 

Stesdy  .train,  fig.  10.    \   ^J^^** 

Brass  knob  1  '27  inch 
diameter  ..••••••• 

0  "93  inch 

0-90 

0-67 
1-4 

Brass  knob  0  '5G  inch 
diameU^r .  t  '^ « ■ . .  * . 

0-93    „        1                  2-95 

1  '03     ,,         ,  At  6  inches  it  Drerented 

Brass  Doint 

1 

discharge  until  ooyered 
up  with  a  thimble. 

Unless  the  jars  are  large,  compared  with  the  capacity  of  the  plates^ 
even  the  conditions  of  fig.  9  will  not  make  the  rush  quite  sudden ; 
and  in  that  case  points  and  small  knobs  do  get  strack  more  easily 
than  large  knobs  and  domes,  especially  when  the  top  plate  is  nega- 
tive.* But  when  the  rush  is  I'eally  sudden,  no  difference  as  to  sign 
manages  to  show  itself ;  and  even  such  insignificant  advantage  as  the* 
point  happens  to  show  in  the  first  column  of  the  above  table  dis* 
appears. 

High  resistance,  interposed  between  knob  and  bottom  plate  in 
fig.  10,  alters  the  character  of  the  spark  entirely,  making  it  soft  and 
velvety,  but  has  no  effect  upon  its  length  nor  upon  the  ease  with 
which  its  knob  gets  struck  as  compared  with  others  connected  direct. 
But  the  same  resistance,  interposed  in  fig.  9,  prevents  its  being  struck 
altogether. 

In  other  words,  sudden  rushes  strike  good  conductors,  independent 
of  terminal :  steady  strain  selects  sharp  or  small  terminals,  almost 
independent  of  conductivity ;  the  violence  of  the  flash  being,  how- 
ever, by  high  resistance  very  much  altered.  The  total  energy  is^ 
doubtless,  the  same,  or  even  greater  with  the  quiet  heating  sparky 
because  of  concentration  and  no  loss  by  radiation ;  but  the  duration 

*  This  fact  has  been  explained  by  Mr.  Wimshurst,  *  Jouni.  Inst.  Elec.  Engineers/ 
JS^P,  page  482. 
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of  the  discharge  is  what  makes  the  difference.  The  spark  through 
high  resistance,  instead  of  being  alternating,  can  be  seen  to  be  in- 
termittent (i.e.,  multiple),  when  analysed  in  a  revolving  mirror. 

There  is  no  need  in  these  sndden  rnsh  experiments  for  the  long 
leads  of  fig.  9,  though  perhaps  they  add  to  the  length  of  the  sparks. 

22.  Sparks  thns  obtained  from  the  outer  coats  of  jars  are  con- 
venient for  taking  under  water,  or  to  water ;  and  the  phenomena  thus 
seen  are  singular,  and  sometimes  violent. 

Water  acts  mainly  as  a  dielectric  under  these  circumstances,  and, 
with  small  electrodes,  such  as  the  bared  end  of  a  gutta-percha  wire, 
the  water  between  gets  burst  with  extraordinary  violence :  often 
breaking  the  containing  glass  vessel. 

This  arrangement  of  Leyden  jars  should  be  handy  for  blasting 
operations,  because  no  specially  good  insulation  of  the  leads  is 
necessary. 

Experiments  on  Surging  Circuit  Proper. 

23.  Although  all  the  overflow  experiments  are  controlled  by 
electrical  surgings,  I  have  been  accustomed  specially  to  apply  the 
name  '*  surging  circuit "  to  the  case  where  sparks  are  obtained  not 
between  two  distinct  parts  of  a  circuit,  but  between  two  points  on 
one  and  the  same  good  conductor,  under  circumstances  when  it  does 
not  form  the  alternative  path  to  anywhere,  and  when,  it  would 
ordinarily  be  supposed  there  was  no  possible  reason  for  a  spark  at 
all.  For  instance,  in  fig.  12  the  loop  of  wire  round  the  room  is  a 
mere  ofi^-shoot  or  appendage  of  an  otherwise  complete  and  very 
ordinary  arrangement,  and  yet  a  spark  can  occur  at  E  whenever  the 
ordinary  discharge  occurs  at  A ;  a  spark,  too,  often  quite  as  long, 
though  not  so  strong,  as  the  main  spark  at  A. 

Fig.  12. 


The  jar  is  not  essential  to  this  experiment ;  and,  in  order  to  wasX^^^ 
it  bj  mBertiDg  resistance  at  varions  places,  it  was  modified  to  ^%.  \^, 
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and  the  following  readings  taken  :  first,  with  a  thin  copper  wire»  and 
then  with  a  thick  copper  wire,  round  room.  The  \  megohm  liquid 
resistance  could  be  inserted  at  either  M,  N,  O,  P,  or  Q. 

The  A  knobs  used  were  the  small  ones  of  a  universal  discharger, 
1*4  cm.  diameter,  and  2*4!  cm.  apart  all  the  time  (equivalent  to 
1*5  cm.  spark-length  between  flat  plates).  The  E  knobs  were  those 
of  a  spark-micrometer,  and  were  1*96  cm.  diameter. 

Fio.  18. 


4urth 


o 


tar  P*-** 


"Heautance  inserted  at  P  • . 

No  resistance  inserted  any- 
where   

Kesistanoe  at  P  again 

No  resistance 

Resistance  at  M 

No  resistance -. 

Besistance  at  M  again 

Besistance  at  N 

Besistance  at  O 

No  resistance 

.Resistance  at  Q 

No  resistance 

Besistance  at  N 

Besistance  at  M 

Besistance  at  Q 

Besistance  at  P 


Length  of  B  spark. 


0  -819  cm. 


0-597 
0*822 
0*655 
671 
•671 
•671 
-428 
0^621 
0686 


0- 
0 
0 
0 


» 


>« 


t* 


it 


9> 


ti 


Character  of  £ 
spark. 


Weak. 

Strong. 

Weak. 

Strong. 

Strong. 

Strong. 

Strong. 

Very  weak. 

Strong. 

Strong. 


No  B  spark  at  all,  and  A  very  weak. 


Strong. 
Very  weak. 
Strons. 


0  '524  cm. 
0-879    „ 

0-638   „  

No  spark  at  all,  and  A  weak. 

0*793  cm.         IE     weak 

I      strong. 


but    A 


This  table  evidently  shows  that  the  main  part  of  the  E  spark  is  the 
rushing  of  the  charge  in  the  N  part  of  the  wire  back  to  the  discharged 
A  knob.  It  has  two  paths,  through  the  wire  vid  O,  and  direct  across 
the  spark-gap  E.  Most  of  it  chooses  E,  except  when  there  is  high 
resistance  at  N  or  P.  Besistance  at  0  interferes  but  little,  and  in 
J»a^  it  may  help  more  across  E ;  and  resistance  at  M  must  certainly 
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haye  this  effect.  Besistance  at  Q  prevents  any  sudden  effect  of  the 
A  spark  on  the  long  circuit,  and  therefore  never  calls  out  a  spark  at 
E  at  all :  the  charged  wire  discharges  leisurely  through  resistance  at 
Q,  and  accordingly  (there  being  no  jar)  the  spark  at  A  is  quiet. 

The  fact  in  the  table  not  immediately  intelligible  is  the  extra 
length  of  E  spark  caused  by  insertion  of  resistance  at  P ;  or,  to  a  less 
extent,  at  0.  It  would  appear  to  indicate  the  effect  of  surgings  in 
the  conductor,  which  accumulate  a  momentaiy  opposite  charge  on  one 
of  the  knobs  before  the  one  partitioned  off  by  high  resistance  has  had 
time  appreciably  to  discharge. 

Experiments  on  Recoil  Kick. 
Early  Ohservaiions  (1  and  2  March,  1888). 

24.  Although  the  overflow  experiments  are  evidence  of  the 
momentum  of  a  reflected  pulse,  aii  idea  which  is  intended  to  be 
conveyed  by  the  term  ^^  recoil  kick,"  yet  I  have  been  accastomed  to 
apply  the  term  specially  to  cases  where  reflexion  takes  place  at  the 
free  end  of  a  long  wire,  constituting  an  appendage  or  lateral  exten- 
sion, without  forming  any  necessary  part,  of  a  discharging  circuit. 
Usually  a  pair  of  similar  wires  were  employed,  and  their  ends  were 
brought  near  enough  for  the  momentum  of  the  recoiHng  pulse,  when 
spitting  off  from  each  wire,  to  bridge  the  interval  and  thereby  cause 
a  regular  spark.  If  the  wires  were  too  far  separate,  a  momentary 
brush  leaped  from  each  end  and  subsided  again.  Occasionally  these 
brushes  extended  over  a  considerable  length  of  wire,  giving  them  a 
peculiar  luminous  appearance  at  each  discharge.  The  fact  that  the 
brush  was  an  up-rush  and  subsidence  was  shown  by  the  similar 
appearance  of  both  the  wires,  and  by  the  -fact  that  if  a  spark  from 
either  wire  was  taken  into  a  jar  the  jar  was  not  found  to  be  charged 
by  it. 

25.  The  brush  or  sparking  out  from  the  wires,  which  I  call  the 
recoil  kick,  is  most  marked  at  certain  places  on  those  wires;  and 
usually  at  the  distant  ends.  This  was  what  called  attention  to  the 
effect  (see  above  §  3).  I  find  that  Mr.  A.  P.  Chattock  obtained  the 
first  direct  evidence  of  it,  in  some  experiments  with  my  apparatus 
which  he  made  in  my  absence  on  March  1,  1888.  The  plan  of  the 
particular  connexions  used  by  him  (fig.  14)  has  no  importance,  but  it 
sufficed  to  show  how  much  more  readily  a  long  spark  could  be 
obtained  at  the  £u*  end  of  long  wires  than  at  the  near  end;  and 
Mr.  Chattock  was  quite  clear  about  the  effect  being  due  to  reflected 
elecirio  pulses  or  stationary  waves  in  the  wires,  and  was  prepared  to 
look  for  evidence  of  nodes  and  loops  if  the  wires  had  been  long 
enough. 

In  fig.  14,  W  iaa  high  liquid  reaistance,  the  two  long  vrVrea  ax^  ^ii^^ 
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Fig.  14. 


thin  copper  and  thin  iron  round  room,  and  1,  2,  3  are  three  alterna- 
tive positions  of  a  universal  discharger,  while  A  are  the  knobs  of  a 
Voss  machine.  Spark  lengths  are  g^ven  in  inches,  but  there  is  no 
importance  in  their  absolute  values. 


Length  of  A  spark  needed  to  precipitate  a  spark  be- 
tween knobs  of  discharger  c  in  its  several  positions. 

Length  of  spark  between 

knobs  of  discharger 
thus  obtained.  Called  C. 

Position  1. 

Position  2. 

Position  3. 

0-32 
0-61 
0-42 
0-17 

0-19 
0-27 
0*24 
0  14 

0-16 
0-25 
0-22 
0  14 

0-32 
0-62 

0  -48           ; 

017 

1 

26.  Next  day  I  went  on  with  these  observations,  replacing  the 
liquid  resistance  W  (.which  was  useless)  by  a  wire,  and  ordinarily 
using  two  jars  in  series  instead  of  one,  connecting  their  knobs  one  to 
each  wire  (more  nearly  as  shown  in  fig.  15),  and  connecting  their 
outer  coats  together  and  roughly  to  the  earth  by  standing  them  on 
the  same  sheet  of  tinfoil  on  a  wooden  table.  And  becaase  the  knobs 
of  machine  and  of  discharger  were  not  the  same  size,  they  were  first 
compared  by  letting  an  ordinary  discharge  choose  between  them. 
They  offered  equally  good  paths  when  A  =  0*45,  C  =  0*54  inch. 
The  dischstrger  was  pub  in  one  or  other  of  two  positions :  bridging 
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the  long  wiree  close  to  the  jars  (Gi),  and  bridging  them  at  their  far 
ends  (C3),  fig.  14.  The  position  Ci  manifestly  does  not  essentially 
differ  from  A  ;  the  position  Cs  is  the  interesting  one.  Of  conrse  if  C 
were  too  short,  the  main  spark  occnrred  there  instead  of  at  A,  bnt  if 
the  main  spark  occnrred  at  A,  a  mnch  longer  supplementary  or  recoil 
kick  spark  often  occnrred  at  C3,  especially  when  the  capacity  of  the 
jars  and  the  length  of  the  wires  were  suited  to  each  other.  As  the 
following  table  shows : — 


Without  any  jars 

With  imall  Y oss  jars 

With  pint  jars  (two  in  series) 

Lengthen  A  till  sparks  just  choose  C  instead 

Shorten  A  till  recoil  sparks  just  fail  at  C 

Get  maximum  C  spark 

>»  If  »»      •..•.•• 

»>  »»  '»>      ••... •• 

Without  any  jars  again  (size  of  knobs  accounts 

for  this  slight  difference) 
With  the  two  pint  jars,  in  parallel,  shifted  to  the 

far  end  of  wire  near  position  8,  with  overflow 

knobs  to  represent  Cj 
Same  arrangement  of  jars  shifted  back  to  near 

position  1 

Ortt  the  sparks  at  C3  instead  of  as  A 

Arrangement  as  at  first 

Pair  of  gallon  jars  in  series 

Large  condenser  (0*02  mfd.) 


Length  of  sparks. 


A. 


0-8 

0-3 

0*24 

0-39 

0-22 


0 
0 
0 
0 


42 
46 
45 
44 


0-44 

0*44 

0*44 

0-46 
0*45 


ro-4 


Cs. 


0-3 

0-35 

0-42 

0-42 

0*42 

0-63 

0-76 

0-52 

0-45 


0*78 

0-49 
0-49 
109 
0-59 
0-49 


Ci. 


0-47 
0-49 

0-49 


Thns  the  large  condenser  is  as  mnch  too  hig  as  the  Voss  jars  were 
too  small.  The  gallon  jars  seem  to  show  the  effect  best.  They  were 
therefore  replaced,  bnt  this  time  insulated  from  the  eai*th  by  standing 
them  both  on  the  same  insulating  stool  with  tinfoil  top.  Very  long 
recoil  sparks  could  now  be  got. 


• 

OaHofi  14M1P  ID  series  on  insulatinir  stool  ........rrttT- 

A. 

c,. 

0-44 
0-44 

1-6 

Another  experiment 

Biff  knobs  put  on  the  discharsrer 

0  '44      \      ^  -^"fe 

1 

\ 
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And  at  greater  distances,  when  no  regular  spark  occurred  at  C, 
there  was  still  a  brush  discharge  there  at  every  A  spark. 

Joining  up  a  small  jar  to  the  Cs  terminals,  the  long  sparking  and 
brushing  there  ceased. 

Without  this  shunt  jar,  however,  and  with  the  t.erminals  well  sepa* 
rated,  the  wires  glowed  at  every  A  spark  along  a  considerable  portion 
of  their  length,  looking  thick  and  fuzzy  with  momentary  luminosity. 
(The  wires  were  the  long  thin  (No.  18  B.W.Q.)  copper  and  iron 
round  the  room :  those  two  being  up  and  handy  for  the  experiment. 
They  show  the  luminous  appearance  better  than  either  thicker  or 
much  thinner  ones.)  With  a  small  condenser  the  effect  was  not  great, 
and  with  a  very  big  one  it  was  also  not  great ;  but  with  a  single 
g^lon  jar  the  glow  on  the  wires  extended  more  than  half  way  round 
the  theatre,  and  a  pair  in  series  (i.e.,  half  the  capacity)  seemed  to  do 
even  a  trifle  better. 

Fig.  16 


27.  To  see  if  the  proximity  of  the  opposite  wires  assisted  the  effect 
one  of  them  was  reversed,  so  that  the  plan  was  as  in  fig.  15 ;  bat  the 
far  ends  of  both  wires  got  luminous  as  before  (although  the  luminous 
portions  were  now  on  opposite  sides  of  the  room),  and  the  luminosity 
extended  from  3  to  2  on  the  one  wire,  and  from  3'  to  2  on  the  other. 

28.  A  jar  was  held  in  the  hand  near  either  glowing  terminal,  for 
the  wires  to  spark  into.  They  kept  on  doing  so,  but  the  jar  was  not 
oharg-ed,  showing  that  they  sparked  in  and  out  again. 
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This  18  characterifltic  of  what  I  have  elsewhere  examined  and 
caUed  ''  side  flash." 


Estimation  of  Waye-lingth. 

29.  Although  there  is  nothing  precisely  metrical  about  these  experi- 
Tuenis,  as  so  far  conducted,  it  is  well  to  notice  that  an  approximation 
to  the  self-induction  of  the  main  dischaige  circuit  can  be  obtained 
from  them.  For  the  capacity  of  the  two  gallon  jars  in  cascade  is  about 
28  K  metres ;  and  if  the  length  of  the  wires  which  give  the  best 
recoil  be  taken  as  half  a  wave-length,  the  waves  emitted  are  60  metres 
long.  So  the  inductance  of  the  discharge  circuit  can  be  got  from 
2r^(28L//i)  =  60;  whence  L  =  8*2/^  metres. 

This  is  too  small,  showing  that  the  waves  are  longer  than  60  metres, 
and  that  the  most  appropriate  capacity  for  these  particular  wires 
is  something  less  than  that  of  the  two  gallon  jars  in  cascade.* 

Historical  Obsibyations. 

30.  This  evidence  of  the  existence  of  electro-magnetic  waves  seemed 
to  me  of  considerable  interest,  because  I  had  been  for  some  years 
contemplating  the  production  of  radiation  by  direct  electro-magnetic 
experiments,  the  di£G[culty  being  their  detection,  i.e.,  the  proof  of 
their  existence. 

My  early  notions,  described  to  Section  A  of  the  British  Associa- 
tion at  York  (1881),  were  directed  towards  the  ambitious  attempt  of 
trying  to  make  the  waves  short  enough  to  be  visible,  at  least  tio  a 
thermopile  or  to  some  chemical  detector.  But  two  years  later,  at 
Southport,  Fitzgerald  pointed  out  that  a  discharging  Leyden  jar  must 
emit  radiation,  and  that  though  its  waves  would  be  yards  or  miles 
long,  yet  it  might  not  be  hopeless  to  prove  that  they  were  waves  by 
obtaining  interference  phenomena. 

Some  of  Lord  Bayleigh's  large-scale  interference  experiments  with 
sound  waves,  exhibited  to  the  Boyal  Institution  on  January  20,  1888 
('Nature,'  vol.  38,  p.  208),  re-awakened  in  me  the  hope  that  such 
experiments  were  possible,  and  the  desire  to  try  them.  And  now, 
simply  by  attaching  long  wires  to  a  discharging  Leyden  jar  circuit, 
the  waves  had  become  without  trouble  conspicuous.  One  had  only 
to  lengthen  the  wires  enough,  and  to  look  at  them  in  the  dark,  to  see 
by  the  brushes  the  nodes  caused  by  the  interference  of  the  direct 
and  reflected  pulses  surging  to  aiid  fro  in  the  wires ;  to  see  in  fact 
the  waves  themselves,  and  to  measure  their  length  in  a  manner  pre- 
cisely analogous  to  the  well-known  experiment  of  Melde. 

*  [Or  else  that  each  wire  behaves  like  an  oi^gan-pipe  open  at  OT\e  end.  oiA^,^tA%c> 
iju  a  quaiter  oi  b  wave  Jong,  -^une,  1891.] 
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Tme  that  the  Melde  experiment  does  not  measure  the  wave-length 
in  air,  and  so  also  the  observation  of  Mr.  Chattock  and  myself  would 
only  measnre  the  wave-length  on  wire ;  bnt  it  had  already  been  shown 
by  Mr.  Heaviside  among  others,  by  ElirehofE  also  (thongh  I  did  not 
know  of  KirchofE's  work),  that  palses  travelled  along  insulated  non- 
magnetic wires  at  the  same  speed  as  waves  through  air,  or  at  a  speed 
only  insignificantly  less.  In  fact  Mr.  Poynting  has  taught  ns  to 
regard  all  these  effects  as  conveyed  through  the  air,  t.e.,  by  the  ethereal 
medium,  in  a  manner  only  very  subordinately  affected  by  the  material 
of  the  conductor. 

Hence  the  waves  guided  by  long  isolated  wires  and  measured  in 
recoil  kick  experiments  ought  to  be  the  same  length  as,  or  only 
slightly  shorter  than,  the  true  ether- waves  spreading  out  from  the 
oscillating  circuit  into  space. 

The  fact  that  electric  waves  could  be  thus  detected  and  measured, 
I  stated  at  the  Society  of  Arts,  on  March  17,  1888,  and  published 
more  precisely  in  the  '  PhiL  Mag.*  for  August,  1888 ;  but  to  this 
latter  I  appended  a  footnote  to  say  that  in  the  current  number  of 
Wiedemann's  '  Annalen,'  viz.,  that  for  July,  the  same  year,  there 
was  a  paper  by  Dr.  Hertz,  describing  some  experiments  he  had  made 
at  Karlsruhe,  whereby  he  had  detected  the  waves  in  free  space :  a 
research  which  in  the  following  September  was  enthusiastically  pro- 
claimed to  the  world  by  Fitzgerald,  at  Bath.  At  the  same  meeting  I 
described  in  general  terms  my  detection  of  the  waves  on  the  surface 
of  conducting  wires.  It  appears  that  Hertz  began,  much  as  I  had 
done,  by  the  observation  of  surging  circuits  ;  for,  using  a  coil  instead 
of  an  inductive  machine,  and  attaching  to  one  terminal  a  nearly 
closed  rectangle,  he  observed  it  spark  across  the  gap.  In  this  obser- 
vation also  he  had  the  start  of  me,  for  his  first  paper  appeared  in 
1887 ;  and  in  his  rapid  development  of  it,  in  the  comparative  freedom 
from  students  of  Karlsruhe,  he  struck  on  the  influence  between  one 
circuit  and  another  across  space,  and  so  made  the  astonishing  dis- 
covery that  the  radiation  in  air  was  intense  enough  to  cause  sparks 
in  conductors  upon  which  it  fell. 

This  same  discovery  would  have  been  made  by  the  audience  at  the 
Boyal  Institution  on  the  evening  of  March  8,  1889,  if  it  had  not 
been  made  before ;  for,  during  a  lecture  on  Leyden  jars,  every  time 
one  was  discharged  through  a  considerable  length  of  wire,  the  heavily 
gilt  wall  paper  sparkled  brightly,  by  reason  of  the  incident  radia- 
tion. 

The  achievement  of  Hertz  is  well  known,  and  it  is  only  the 
customary  interest  attaching  to  circumstances  connected  with  what 
will  probably  be  regarded  as  an  epoch  in  electrical  science  that  con- 
stitutes my  excuse  for  making  the  above  statement. 

One  point,  about  which  there  has  been  some  controversy,  my  expe- 
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rimentR  do  make  clear,  viz.,  that  the  velocity  of  a  pulse  along  an 
isolated  thin  copper  wiro  is  practically  identical  with  the  speed  of 
light ;  in  accordance  with  the  theory  based  on  Maxwell,  and  previously 
mentioned.  Hertz  at  one  time  stated,  as  the  result  of  some  of  his 
experiments,  that  there  was  considerable  discrepancy  between  the 
speed  of  waves  along  wires  and  of  waves  in  free  space ;  and,  though 
my  own  experiments  were  (to  me  at  least)  conclasive  in  the  opposite 
direction,  yet  as  they  had  not  been  published  in  detail,  they  could  not 
be  properly  taken  into  account.  The  supposed  discrepancy,  however, 
bad  the  good  effect  of  leading  Professor  J.  J.  Thomson  to  make 
several  interesting  experiments. 

Quantitative  Recoil  Kick  Experiments  (May,  1888). 

Description  of  Wires  iised, 

31.  In  order  to  make  real  measurements  of  wave-length,  a  circuit 
was  carefully  prepared,  consisting  of  two  copper  wires  (about  No.  17 
B.W.G.),  15  cm.  diameter,  stretched  parallel  to  one  another,  half  a 
metre  apart,  by  silk  suspenders. 

They  lay  parallel  to  the  theatre  table,  i.e,,  north  and  south ;  but 
the  room  was  not  big  enough  for  them  to  be  wholly  straight,  so  after 
travelling  the  length  of  the  table  horizontally  they  were  taken 
a  few  feet  vertically  up,  then  back  over  head,  and  down  again  to  the 
spark  micrometer,  according  to  the  plan  of  fig.  16,  nowhere  being 
taken  near  any  wall  or  other  surface.     Their  total  lengths  were 

1526+28-5  +  16  =  15705  cm. 
15294-36-5  +  16  =  1581-5   „ 

so  each  may  be  taken  as  15f  metres  long,  and  the  wave  length  corre- 
sponding to  their  fundamental  oscillation  period  as  31^  metres,  corre- 
sponding to  about  10,000,000  vibrations  per  second. 

When  used  alone,  these  are  spoken  of  as''*  the  shorter  leads,"  be- 
cause it  was  very  soon  necessary  to  sapplement  them  by  a  similar  pair 
of  No.  17  copper  wires  half  a  metre  apart,  suspended  similarly,  but  in 
an  east  and  west  direction,  and  used  as  extensions.  When  joined  up 
in  series  with  the  former  pair  of  wires  the  whole  is  spoken  of  as  "  the 
longer  leads."  The  additional  portions  measured  2263  and  2247  cm. 
respectively.  Hence  the  entire  length  of  each  of  the  longer  leads 
may  be  taken  as  38*2  metres,  and  the  wave-length  correspond- 
ing to  their  recoil  as  76^  metres,  or  say,  4,000,000  vibrations  per 
second. 

Tbe  total  resistance  of  the  "  shorter  leads  **  was  0*78  ohm,  and  of 
the  "  longer  leads,"  1*95  ohms. 

The  static  capacity  of  the  longer  leads  I  estimate,  \>y  ttie  loTi!£ra\»k 
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Kl-f-4  log  hi  a,  as  147  K  cm.  altogether,  or  K/26  per  unit  length ; 
and  their  self-indnction  similarly,  for  enrrents  which  keep  wholly 
to  the  outer  skin,  as  100,000  /i  centimetres,  or  26  fi  per  unit  length. 
The  electrostatic  capacity  of  the  "  shorter  leads  **  is  61  cm. 

Plan  of  Experiment. 

32.  At  the  far  -end  of   these  leads  (either  "  the  longer  "  or  "  the 
shorter  ")  was  arranged  the  spark  micrometer,  a  micrometer  screw 
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ammgement  with  millimetre  thread,  and  head  divided  into  400  parts, 
made  for  reading  Newton's  rings,  but  supplied  for  present  purposes 
with  a  pair  of  knobs  1'940  and  1*965  cm.  diameter,  on  insulating 
^lass  pillara.  These  constitute  the  C  spark  gap  at  which  the  effect 
of  the  recoil  kick  is  to  be  observed. 

At  the  other  end  of  the  leads  is  arranged  the  condenser,  usually  a 
pair  of  jars  back  to  back  in  one  line,  so  as  to  close  the  circuit  in 
a  simple  geometrical  manner,  and  the  Voss  jars  being  at  first  used, 
-».«.,  the  small  jars  forming  part  of  the  Voss  machine. 

The  A  knobs  at  which  the  exciting  spark  is  taken  are  constituted 
by  the  universal  dischai*ger,  which,  standing  on  a  block  under  the 
two  parallel  wires  above  it,  and  connecting  them  together  through  an 
air  gap,  can  easily  be  moved  along  the  table  to  and  fro,  always  in  con- 
tact with  the  wires  above  it ;  and  its  distance  from  the  jars  at  one  end 
of  the  wires  can  be  readily  measured.  This  distance  is  called  ti,  and 
is  indicated  in  fig.  16. 

The  distance  between  the  A  knobs  was  supposed  to  remain  con- 
stant, but  to  avoid  any  uncertainty,  and  to  eliminate  the  effect  of  the 
different  size  of  its  knobs,  the  virtual  length  of  the  A  spark  was 
measured  with  the  spark- micrometer  by  bringing  its  knobs  near  enough 
to  just  shunt  out  the  discharger,  so  that  half  the  sparks  chose  one  and 
half  the  other.  The  distance  between  the  G  knobs  ander  these  cir- 
cumstances is  entered  in  the  table  as  the  virtual  length  of  the  A  spark. 
They  are  then  separated  further,  so  that  the  spark  occurs  every  time 
at  A,  but  it  does  not  cease  at  G  until  they  have  been  widened  dis- 
tinctly. The  maximum  distance  to  which  they  can  be  separated  with- 
out causing  the  G  spark  to  altogether  cease  is  then  read,  and  the  excess 
of  the  one  reading  over  the  other  constitutes  the  "  recoil  kick."  This 
procedure  was  then  repeated  for  another  position  of  the  discharger  A. 

The  plan  of  operation  usually  was  to  beg^n  with  the  discharger  close 
to  the  jars,  and  to  move  it  away  along  the  leads  5  cm.  at  a  time,  read- 
ing in  each  position  the  minimum  and  maximum  G  sparks,  as  just 
explained,  the  maximum  reading  being  that  at  which  G  began  to 
fail.  Tuning  is  more  easily  done  by  thus  varying  the  inductance  of 
the  discharge  circuit  than  in  any  other  way. 

A  short  range  would  have  been  sufficient  to  g^ve  the  position  at 
which  the  maximum  recoil  kick  occurred,  but  an  extensive  range  was 
often  used  with  the  idea  of  getting  indications  of  harmonics. 

Measureimevii  of  Capacity  of  Jars  used, 

33.  Bough  estimates   of   the  jars   employed  in  this  and  similar 
experiments  could  be  made  in  various  ways,  and  no  great  accuracy 
is  worth  aiming  at  with  ordinary  shapes  of  jar,  becauBe  oi  t\L^  ^i^&csc- 
ence  between  the  vircnmBtance  under  which  they  are  uaod  Ironi  V}tvo%^ 
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under  whicli  they  are  measured.  NevertlielesB,  in  order  to  get  a 
fairly  good  measure  of  their  capacity,  a  standard  condenser  was  made, 
with  which  they  could  be  compared. 


Standard  Air-condenser, 

A  couple  of  plates  of  carefully  selected  plate  glass,  as  used  for 
'mirrors,  about  2  feet  square,  were  silvered  chemically  on  both  faces, 
secure  connexion  between  the  two  faces  round  the  edge  of  the  top 
plate  being  made.  A  circular  cut  or  clean  scratch,  1  mm.  broad  and 
53*04  cm.  inside  diameter,  was  then  made  on  the  under  sarface  of  the 
top  plate  so  as  to  isolate  a  trap-door  portion.  A  hole  previooslj 
drilled  through  the  centre  of  the  top  plate,  and  silvered  inidde,  per- 
n^iitted  conductive  access  to  the  central  area ;  and  the  borders  of  the 
plate  acted  as  guard  ring.  The  silver  was  cleared  away  from  a  small 
patch  near  the  centre  of  the  upper  surface  of  the  top  plate,  and  a  glass 
tube  cemented  on  permitted  the  trap-door  terminal  to  emerge  in  a 
well-insulated  manner.  Two  other  terminals,  one  attached  to  the 
bottom  plate,  and  the .  other  to  the  general  surface  of  the  top  plate 
(the  guard-ring  terminal),  were  provided. 

Four  glass  distance-pieces  with  wide  bevelled  edges  (to  improve  in- 
sulation) were  carefully  cut  out  of  one  piece  of  glass,  and  their  thick- 
ness was  measured  with  a  spherometer  as  0*12083  inch. 

The  top  plate  was  supported  on  these,  near  its  four  comers,  and  the 
whole  placed  in  a  suitable  box  with  artificially  dried  atmosphere,  the 
bottom  plate  being  similarly  supported  near  its  corners,  so  that  what- 
ever bending  there  was  might  I'esult  in  concentric  surfaces.  The 
electrostatic  capacity  of  the  trap-door  was  thus  572*9  cm. 

There  was  some  difficulty  with  the  insulation  of  the  trap-door  por- 
tion, and  the  main  leak  was  traced  to  dust,  viz.,  fine  fibres  of  some 
length,  which  settled  on  the  bottom  plate  and  bridged  the  interval 
between  it  and  the  top  one.  The  narrow  gap  between  trap-door  and 
guard-ring,  being  of  course  carefully  cleaned,  was  not  found  to  leak 
anything  like  so  much  as  one  of  these  fibres.  By  care,  the  causes  of 
leak  could  be  minimised,  and  a  special  key  was  constructed  whereby 
the  trap-door  could  be  discharged  through  a  ballistic  galvanometer 
the  merest  instant  before  the  guard-ring  was  discharged  to  earth.  In 
fact,  by  a  screw  adjustment  the  two  events  could  be  made  simul- 
taneous. 

34.  A  set  of  144  secondary  Plante  cells,  made  by  bending  strips  of 
lead  over  small  glass  vessels  standing  in  a  sort  of  test-tube  rack, 
having  been  charged  in  twelve  sets  of  twelve  each,  were  connected 
in  series  and  used  to  fill  the  condensers  with. 

Sometimes  different  kicks  were  obtained  with  the  whole  series  of 
cells;  sometimes  the  same  kick  was  imitated  by  tapping  ofE  a  certain 
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nmnber  of  them,  the  same  number  being  taken  in  different  parts  of 
the  battery  to  secure  fair  nniformitj. 

The  foIIoMring  are  the  estimates  of  capacity  made  from  these  obser- 
vations, the  standard  air-condenser  being  taken  as  573  cm. : — 

Capacity  Measurements. 


Two  gallon  jan  in  Beries    

One  of  them • 

Two  pint  jan  in  leries  

One  of  them 

The  other 

One  YoM  jar   

The  other  Yoss  jar 

Ka  1.  Sliding  tube-condenser ;  length  in  use  3  cm 

»>  i>  >»  o     „       .  • . . 

»>  >»  i»  »,,...• 

>>  »»  »>  '-^     >»       ••  •  • 

»»  it  »»  lo       ,1  .  .  .  • 

»i  »»  »»  '-^      >»  •  •  •  • 

No.  2.  „  „  „  15    „       . . . . 

i»  >»  )>  ^       it  •  •  •  • 

»  >»  J>  *0        ))  •  •  .  • 


Electro-static 

capacity. 

2800 

cm. 

5640 

660 

• 

1280 

1860 

214 

857 

80 

120 

177 

226 

258 

290 

272 

338 

450 

The  two  jars  supplied  with  the  Voss  machine  happen  to  be,  un- 
fortunately, unequal.  Their  capacity  in  series  was  rather  small  to 
actually  measure  satisfactorily :  so  I  take  it  as  134  cm. 


First  ApproximaMon  to  Inductance  of  Circuit. 

35.  In  order  to  estimate  the  inductance  of  the  discharge  circuit,  it 
is  necessary  to  know  the  following  data : — 

Thickness  of  the  No.  17  wires 0*15  cm. 

Thickness  of  A  discharging  rods 0*60   „ 

Thickness  of  rods  inside  Voss  jars  ....  0*98   „ 

Thickoess  inside  other  jars 0*6      „ 

Now,  the  discharge  circuit  consisted  of  a  rectangle  with  one  pair  of 
opposite  sides  made  by  certain  length,  n,  of  the  No.  17  wires  50  cm. 
apart,  and  with  the  other  pair  of  opposite  sides  made  by  discharge 
and  jar  rods,  50  cm.  in  length,  and  separated  by  a  distance,  u. 

I  am  not  prepared  to  calculate  the  inductance  of  this  rectangle 
precisely,  but  when  approximately  square  it  makes  but  little  differ- 
ence whether  I  reckon  it  as  a  pair  of  parallel  wires  oi  lengt^i  u^  ^\%* 

tance  50,  and  diameter  0'15,  plus  a  pair  of  parallel  rods  oi  \eii^^i^:^  %>^% 
VOL.  L,  ^ 


84 


Mr.  0.  J*  Lodge*    ExperimenU  on 


[June  4, 


distance  «,  and  diameter  0*8 ;  or  whether  I  reckon  it  as  a  circle  of 
perimeter  2  (50+ti)  and  average  thickness  0*3.  For  cases  where  the 
rectangle  is  elongated,  the  former  approximation  is  best,  so  I  nse  it 
in  preference  to  the  other  always ;  reckoning  the  self-indnction,  there- 
fore, as 

L//t  =  26tt+200  log  —  cm (24), 

Its  real  valne  will  be  somewhat  greater  than  this. 

36.  In  the  following  tables  the  experimental  data  were  obtained 
and  recorded  carefallj.  The  notes  appended  to  each,  concerning  the 
amonnt  of  agreement  between  caJcalation  and  experiment,  are 
capable  of  further  refinement :  bat  they  suffice  to  show  that  the  dis- 
crepancies between  calculation  and  observation  are  as  small  as  conld 
be  expected,  and  that,  to  a  first  approximation,  experiment  and 
theory  agree ;  in  other  words,  that  if  the  velocity  of  a  pnlse,  along 
thin  isolated  copper  wires,  differs  from  the  velocity  of  light,  it  does 
not  differ  to  any  considerable  extent. 

Rbsults  (12th  May,  1888). 

37.  Two  Voss  Jars  end  to  end,  as  shown,  with  "  Shorter  Leads." 


Length  «. 

1 
Min.  C  spark,  i.e.^ 
Tutual  length  of 

Max.  length  of 
G  spark  (in  mm.). 

Excess  of  max.  over 
min.  (C — A)  or 

A  spark  (in  mm.). 

reooil-kick  (in  mm.). 

cm. 

5 

9  15 

— 

— 

10 

9  10 

— 

15 

9  05 

9*39 

0*84 

20 

9  10 

11*25 

2  15 

26 

9  00 

11*27 

2*27 

30 

9  06 

12*00 

2*95 

35 

9-26 

12*90 

8*64 

40 

9-26 

11  09 

1*83 

45 

9*22 

10*20 

•    1-98 

50 

9*29 

9*38 

0  09 

60 

9  16 

9*24 

0  09 

90 

9-25 

9-60 

0-35 

Here  the  maximum  occnrs  somewhere  abont  the  35  cm.  distance, 
probably  on  the  hither  side  of  it ;  so  we  may  judge  that  the  valne 
t^  =  34  is  about  the  place  where  the  waves  emitted  agree  with  twice 
the  length  of  the  ^  shorter  leads,"  i.&.,  are  31^  metres  long. 

To  see  how  this  agrees  with  calculatioo,  we  mnst  decide  how  mnch 

of  the  capacity  of  Uiose  wires  ought  to  be  added  to  the  capacity  of 

tlie  jars  in  calcnlaidng  the  period  of  the  discharge  oscillation.     If  we 
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include  none  of  the  leads  in  the  discharged  capacity,  S/K  =  134  cm. ; 
if  we  inclnde  the  whole,  S/K  =  195  cm. 

As  for  the  self-indoction,  we  get  that  approximately  by  putting 
tt  =  34  in  the  expression  (24),  which  gives  it  as  1768  cm. 

So  the  calculated  wave-length  is,  with  the  whole  of  the  leads  capa- 
city, 27^(195 X 1768)  =  3690  cm.  or  37  metres;  and  the  agreement 
is  not  very  good.  If  the  leads  capacity  is  not  supposed  efEective  in 
forcing  the  vibrations,  its  charge  being  merely  forced  to  vibrate  by 
the  jar  discharge,  then  the  calculated  wave-length  is  31  metres,  which 
is  suspiciously  accordant  with  observation. 


38.  Single  Yoss  Jar,*  still  with  "  Shorter  Leads. 


» 


Length  ». 

YirtuAl  A  spark. 

Max.  0  spark. 

BeooilkiGk. 

cm. 

nun. 

mm. 

5 

900 

18-70 

4-70 

10 

9  11 

12-68 

8-67 

15 

9  07 

12-01 

2-94 

20 

9  03 

11-66 

2-68 

26 

9-10 

11-60 

2-40 

30 

9  10 

11-20 

2  10 

35 

9  12 

11-82 

2-20 

45 

9-11 

11-45 

2-34 

Here  the  maximum  is  evidently  off  the  scale ;  so  that,  to  show  it, 
the  discharging  circuit  requires  to  be  still  further  diminished  in  size : 
which  is  impracticable.  As  to  calculated  wave-length,  the  lowest 
estimate  makes  it  30  metres,  when  t«  =  5  :  the  highest  estimate  makes 
it  32^  metres,  either  of  which  is  so  far  accordant  with  observation. 

Two  Pint  Jars  in  Series,  with  "  Shorter  Leads.** 

Although  the  back  kick  was  now  fairly  vigorous,  no  particular  evi- 
dence of  its  being  greater  at  one  place  than  in  another  was  observ- 
able. Evidently  the  leads  are  too  short.  Hence  added  the  extensions 
already  described  (§  31). 


*  Piobsblj  the  one  with  the  larger  capad^  of  the  two,  but  \mloT\Am&Vi^^  tv<cA> 
qnito  foze  of  thj0. 
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39.  Two  Pint  Jars  end  to  end,  "  Longer  Leads  "  (14th  May,  1888). 


Lengtli «. 

Virtual  A  spark. 

Max.  0  spark. 

Becoilkick. 

cm. 

mm. 

mm. 

mm. 

8 

9*52 

15-14 

6-62 

10 

9-45 

16*24 

6*79 

12 

9-63 

15-88 

6-25 

15 

9-45 

15-85 

6-40 

20 

9-73 

19-20 

9-47 

30 

9-90 

27-73 

17-83 

40 

9*85 

18-25 

8-40 

60 

9-91 

18-75 

3*84 

70 

9-96 

12-78 

2-77 

90 

9-85 

12*99 

3-14 

125 

"~~ 

18-28 

~^ 

Here  the  sharpness  of  the  maximum  is  so  great  as  to  make  it 
probable  that  u  =  30  happens  to  hit  the  right  place  prettj  exactly. 

The  calculated  wave-length  for  this  value  of  u  (remembering  to 
substitute  0*3  for  0*4  in  equation  (24)  because  of  the  less  thickness  of 
these  jar-rods)  is  27r-v/(1700  X  721)  =  7000  cm.,  or  70  metres ;  a 
trifle  less  if  the  leads  capacity  is  omitted ;  whereas  the  double  length 
of  the  recoiling  wires  indicates  76^  metres. 

This  is  not  very  good,  and  I  hope  that  better  calculation  applied  to 
the  data  will  give  a  better  result.  The  self-induction  as  estimated  is 
almost  certainly  less  than  the  true :  but  how  much  less  I  am  unable 
to  say.  Another  uncertainty  is  the  appropriate  capacity  of  the  jars  for 
these  high  frequencies.  It  is  not  likely  that  the  K  for  the  glass  will 
be  just  the  same  for  4,000,000  vibrations  a  second  as  it  is  under 
steady  strain. 

40.  Single  Voss  Jar,  with  "  Longer  Leads." 
(Knobs  of  discharger  set  exactly  1  cm.  apart.) 


Length  u. 

Equiyalent  of  A 
Spark. 

C  spark. 

Recoil. 

cm. 
5 
10 
15 
20 
25 
30 
35 
40 
60 

mm. 
9-27 
9-26 
9-30 
9*50 
9-60 
9*43 
9-56 
9*52 
9*50 

mm. 

13*38 

15-20 

16  -57 

14*42 

13-88 

13*41 

13*40 

13-60 

13-63 

mm. 
3*41 
5-94 
727 
4-92 
4*38 
3-99 
3-86 
4  08 
4  13 
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Here  the  maximum  is  not  quite  so  well  marked,  and  ifc  is  a  little 
uncertain  on  whicli  side  of  the  15-cm.  position  it  lies. 

Take  u  =  15  however,  and  add  the  capacity  of  the  leads,  147,  to 
that  of  the  jar,  357,  and  the  calculated  wave-length  comes  out  47 
metres  ;  or,  without  the  capacity  of  the  leads,  89^  metres. 

This  is  hopelessly  different  from  76^  metres,  but  it  is  probable 
that  it  is  the  upper  octave.  To  make  the  fundamental  wave-length 
79  metres  would  require  ti  to  be  about  130  cm. 

It  is  evidently  desirable  in  these  experiments  that  the  jar  capacity 
shall  be  much  greater  than  the  leads  capacity;  for  when  the  two 
capacities  are  comparable  in  size,  the  recoil  kick,  although  it  still 
exists,  has  no  very  well  defined  maximum. 

It  would  also  be  desirable  in  future  experiments  on  the  same  plan 
to  use,  as  dielectric  in  the  condenser,  a  substance,  like  paraffin, 
whose  specific  inductive  capacity  may  be  depended  on  as  fairly 
constant. 

ExpertmerUs  with  Sliding  Condenser, 

41.  The  following  experiments,  made  with  an  adjustable  con- 
denser, were  intended  to  examine  the  effect  of  varying  the  capacity 
as  well  as  the  self-induction ;  also  to  see  what  evidence  of  harmonics 
could  be  detected. 

The  condensers  used  were  each  of  them  a  pair  of  silvered  tubes 
sliding  into  one  another;  their  capacity,  as  the  inner  tubes  were 
poshed  into  six  dilEerent  graduations,  being  measured  above  (§  34). 

The  discharge  circuit  was  a  pair  of  No.  17  B.W.G.  copper  wires 
each  2  metres  long,  stretched  horizonally  on  glass  pillars,  parallel  to 
one  another  and  10  cm.  apart.  One  of  the  tube  condensers  was 
arranged  as  a  bridge  at  one  end  of  these  wires ;  and  the  discharger, 
with  its  knobs  set  1  cm.  apart,  was  used  as  a  movable  bridge  and  set 
at  different  measured  distances  from  the  condenser. 

Charging  from  the  machine  was  done  through  wooden  sticks,  so 
as  not  to  introduce  unknown  capacities.  The  '*  longer  leads  "  lead 
from  the  coats  of  the  tube-condenser  to  the  spark-micrometer,  where 
the  equivalent  A  spark  and  the  maximum  C  or  recoU  spark  were 
observed. 

The  numbers  entered  in  the  following  table  are  the  excess  of  the 
max.  C  spark  over  the  virtual  A  spark,  i.e.,  C  spark-length  minus  A 
spark-length,  in  millimetres.  The  maximum  occurs  in  the  different 
columns  at  about  u  =  50,  say  35,  30,  25,  20,  and  15,  respectively. 
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42.  Summaiy  of  Ezporiments  with  Tube-condenser  No.  L 

("  Longer  Leads.") 


Lengtli   of    A   spark 

1 

ntiTrir,  ,»T-«---t-'ri- 

9-57 

9-82 

9-82 

9-5 

9-5 

9-57 

Beooil  kick,  or  i 

D— A  (in  mm.). 

DiBtance  of  A  knobs 
from  condenser 

(the  length  u). 

8  cm. 

6  cm. 

9  cm. 

12  cm. 

15  cm. 

18  cm. 

in  use. 

in  use. 

in  use. 

in  use. 

in  use. 

in  use. 

cm. 

6 

— 

^^^ 

— . 

6  10 

7-05 

8*60 

10 

8-20 

5-28 

7-10 

8-07 

10-00 

10-98 

15 

— 

— 

— 

10  07 

11*60 

12-38 

20 

8-80 

6-68 

9-58 

10-86 

12-10 

12*18 

25 

— 

8-37 

— 

11  15 

11-50 

— 

30 

5-30 

9-03 

11  00 

11  00 

11-15 

12*18 

35 

-^ 

8-85 

— 

•^ 

40 

5-73 

8*22 

10  16 

10-45 

10-45 

50 

6-40 

7-88 

9*68 

10*17 

9-87 

10-80 

60 

5-20 

7-16 

9*10 

9-82 

9-90 

— 

70 

6-26 

6-78 

9*00 

_ 

10  05 

10-38 

80 

6-40 

6*40 

— 

9*00 

— 

9-81 

90 

4-45 

— . 

8-58 

9-00 

i_ 

100 

4  03 

6-27 

... 

8-05 

7-97 

7*84 

150 

^^~ 

7  10 

7-00 

7-82 

7-18 

Tbe  readings  were  not  all  taken  on  the  same  day ;  and  tbe  lengtb  of 
the  equivalent  A  spark,  as  read  on  different  days,  is  recorded  at  tbe 
top  of  each  colnnin.  Tbe  wave-lengtb  is  tbe  same  in  eacb  case,  and 
rongb  calculation  makes  it  probably  about  27  metres  wben  tbe  kick 
is  at  a  maximum.  Tbis  may  be  supposed  to  be  tbe  second  barmonic 
of  tbe  vibration  period  of  tbe  long  leads. 
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43.  Sammary  of  Experiments  with  Tube-condenser  No.  2. 

("  Longer  Leads.") 
Equivalent  length  of  A  spark,  9*22  mm.  (June,  1888). 


Becoil  kick,  or  0— A  (in  mm.). 

Distance  of  A  knobs 
frum  oondenser  («). 

15  cm.  in 
use. 

(2) 

15  cm.  in 

use. 

20  cm.  in 
use. 

28  cm.  in 
use. 

cm. 
5 

10 

15 

20 

25 

80 

40 

50 

60 

70 

80 

100 

120 

180 

150 

6  04 
9-00 
10-36 
12-05 
10-90 
11*43 
10-20 
10*15 

9*68 

8-28 

7*15 
6-34 

6*68 
9  18 
10*78 
11*52 
11-16 
11-19 
10-93 
10-35 

10-36 

9  03 

8-58 
8-28 

8-18 
11  04 
11-90 
12-18 
11-25 
11-23 
11-04 

10*43 

.    9-73 
8-18 
8-98 

7-35 

9*66 
12-28 
12-48 
12-28 
11-90 
12-08 
12-78 
11-89 
10-70 
10-03 
9-22 
9-48 
10-03 

10-38 

The  two  sets  with  15  cm.  of  the  condenser  in  use  are  on  different 
dajs,  the  only  difference  being  that  in  (2)  the  discharge  circuit  was 
tamed  round  180°  so  as  no  longer  to  be  beneath  the  longer  leads  at  a 
possibly  interfering  distance.  The  absolute  reading  differs,  but  the 
maximum  occurs  in  the  same  place. 

The  maxima  in  all  this  set  are  by  no  means  well-marked,  but  there 
is  an  indication  of  a  second  maximum  in  the  last  column,  at  about 
tt  =  40 ;  and  of  still  another  near  the  bottom.  Taking  the  self- 
induction  of  the  discharge  circuit  as  19^  x  45,  and  the  capacity  of 
the  jar  as  450,  the  calculated  wave-length  for  ti  =  40  comes  out 
3&I  metres,  or  just  the  first  harmonic  of  the  leads-vibration. 

The  second  harmonic  occurs  at  ti  =  15 ;  with  wave  length  26^ 
metres.  There  is  a  sign  of  another  maximum  near  150 ;  and  calcula- 
tion places  a  fundamental  vibration,  agreeing  in  period  with  the 
leads,  at  about  u  =  167. 
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II.  "  On  a  Determination  of  the  Mean  Density  of  the  Earth 
and  the  Gravitation  Constant  bj  means  of  the  Common 
Balance."  By  J.  H.  Poynting,  D.Sc,  F.R.S.,  Professor  of 
Physics,  Mason  College,  Birmingham.     Received  May  13, 

1891. 

(Abstract.) 

In  a  paper  printed  in  the  '  Proceedings  of  the  Royal  Society,' 
No.  190,  1878,  an  account  was  given  of  some  experiments  undertaken 
in  order  to  test  the  possibility  of  using  the  common  balance  in  place 
of  the  torsion  balance  in  the  Cavendish  experiment.  The  success 
obtained  seemed  to  justify  the  continuation  of  the  work,  and  this 
paper  contains  an  account  of  an  experiment  carried  out  with  a  large 
bullion  balance,  in  place  of  the  chemical  balance  used  in  the  pre- 
liminary trials.  Thc'work  has  been  carried  out  at  the  Mason  Collie, 
Birmingham. 

The  Principle  of  the  Experiment, — The  immediate  object  of  the 
experiment  may  be  regarded  as  the  determination  of  the  attraction  of 
one  known  mass  on  another.  If  two  spheres,  of  masses  M  and  M', 
have  their  centres  a  distance  d  apart,  the  attraction  is,  according  to 
the  law  of  gravitation,  GMMV^I*,  where  O  is  the  gravitation  constant. 
Astronomy  justifies  the  law  in  certain  cases  as  regards  M7<2',  but 
does  not  give  the  value  of  G  or  M,  except  in  the  product  GM.  To 
find  G  we  must  measure  GMM'/c^  in  some  case  in  which  both  M  and 
M'  are  known.  Having  found  G,  we  may  determine  the  mean 
density  of  the  earth,  for,  assuming  that  it  is  a  sphere  of  radius  R,  the 
weight  of  any  mass  M'  at  its  surface  is 

GxIttR'aM'/R* 
=  ^GirRAM'. 

Bat  if  g  is  the  acceleration  of  gravity  the  weight  of  M'  may  be 
expressed  as  M'^.     Equating  these  values,  we  get 

Method  of  Using  the  Common  Balance, — With  the  length  of  beam 
used  (about  123  cm.)  a  differential  method  was  applicable,  in  which 
the  attraction  on  the  beam  was  eliminated.  Two  spherical  masses  of 
lead  and  antimony,  about  21  kilos,  each,  were  hung  from  the  two 
arms  of  the  balance,  so  that  their  centres  in  the  first  position 
were  about  30  cm.  above  the  centre  of  a  large  attracting  mass,  a 
sphere  oi  lead  and  antimony  about  153  kilos.,  placed  on  a  turntable. 
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so  that  it  could  be  brought  in  tarn  immediately  under  either  of  the 
suspended  attracted  masses.  A  balancing  mass  of  half  the  weight, 
and  at  double  the  distance  from  the  centre  of  the  turntable  on  the  other 
side,  was  found  necessary,  so  that  the  centre  of  gravity  should  be  in 
the  axis  of  rotation.  Before  this  was  used,  the  ground  level  was 
seriously  altered  by  the  rotation  of  the  turntable.  The  attraction  of 
the  balancing  mass  was  calculated  and  allowed  for. 

The  alteration  in  the  weights  of  the  attracted  masses,  due  to  the 
motion  of  the  attracting  masses  from  one  side  to  the  other,  was  the 
quantity  to  be  measured.  When  this  was  determined  in  the  lower 
position  of  the  attracted  masses  they  were  raised  to  about  double  the 
distance,  and  the  attraction  again  determined.  The  difference  elimi- 
nated the  pull  on  the  beam,  suspending  wires,  <&c.  To  lessen  the  effect 
of  want  of  homogeneity  or  sphericity  in  the  masses,  or  of  want  of 
symmetry  in  the  turntable,  the  masses  were  all  inverted  and  changed 
over  each  to  the  other  side,  and  the  weighings  repeated. 

The  position  of  the  beam  was  determined  by  the  reflection  of  a 
scale  in  a  mirror  used  with  *'  double  suspension."  The  mirror  was 
suspended  by  two  silk  threads,  one  attached  to  the  end  of  the 
ordinary  pointer  about  60  cm.  below  the  central  knife  edge,  the  other 
parallel  to  it,  being  attached  to  a  fixed  support.  The  mirror  turned 
through  an  angle  about  150  times  as  great  as  that  through  which  the 
beam  turned,  and  one  scale  division  corresponded  to  an  angle  of  tilt 
in  the  beam  of  about  2/15ths  of  a  second. 

The  value  of  a  scale  division  was  determined  by  the  use  of  two 
eqnal  centigram  riders  which  could  be  placed  on  or  taken  off  vrire 
frames  representing  the  scale  pans  of  a  small  subsidiary  beam,  2*5  cm. 
long,  fixed  parallel  to  and  at  the  centre  of  the  large  beam.  When  one 
rider  was  placed  on  one  supporting  frame  the  other  was  at  the  same 
instant  lifted  off  the  other  frame. 

The  balance  was  left  free  throughout  a  series  of  weighings,  and  no 
moving  parts  of  the  apparatus  were  connected  with  the  case. 

The  values  obtained  are  as  follows : — 

The  gravitation  constant  G  =    - .  .^    . 

Mean  density  of  the  earth  A  =  5'4i934. 

In  the  paper  a  description  is  given  of  a  new  form  of  catheto meter 
nsed  to  measure  the  diameters  of  the  masses. 
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m.  *'  On  the  Pressure  of  Wind  on  Curved  Vanes."  By  W.  H. 
Dines,  B.A.  Communicated  by  the  Meteorological  Council. 
Received  May  14, 1891. 

In  June,  1890,  a  paper*  was  preBented  to  the  Boyal  Society  showing 
the  results  of  some  experiments  upon  wind  pressure  upon  an  inclined 
surface,  and  I  now  give  an  account  of  some  supplementary  work 
upon  the  same  subject  which  has  been  done  duriug  the  past  winter. 

The  apparatus  was  the  same  as  that  previously  described,  with  the 
exception  of  the  actual  pressure  plate,  and  precisely  the  same  method 
of  observation  has  been  adopted. 

Instead  of  a  flat  wooden  plate,  a  piece  of  sheet  metal  1  foot  square 
has  been  used,  the  metal  being  bent  so  as  to  form  a  portion  of  a 
cylinder,  the  curvature  of  which  was  easily  varied  by  drawing  the 
opposite  edges  more  or  less  together  by  means  of  two  fine  wires. 
The  plate  was  attached  to  the  lever  of  the  apparatus  by  about 
13  in.  of  1-in.  brass  tube,  the  tube  passing  a  little  more  than 
half  way  across  the  back  of  the  plate.  It  is  evident  that  the  tabe 
must  interfere  with  the  free  passage  of  the  air  over  the  back  of  Ike 
plate,  but  some  kind  of  support  behind  cannot  be  avoided. 

In  certain  positions,  experiments  could  not  be  made  on  BOOomAHf 
the  unsteadiness  of  the  motion,  and  the  consequent  fluttering  ell  fktB 
sheet  metal.  There  was  no  trouble  in  getting  the  value  of  thepniium 
in  these  positions,  but  the  vibratory  motion  was  often  so  vifilent 
that  it  tore  the  metal,  almost  as  though  it  were  paper,  and  SOOB 
rendered  the  plate  uselesp.  These  positions  are  all  marked  *  in  the 
tables ;  and  the  corresponding  values  are  more  or  less  uncertain, 
because,  as  soon  as  the  vibrations  were  apparent,  the  engine  was 
stopped  as  quickly  as  possible  to  avoid  the  trouble  of  having  to  obtain 
a  new  plate. 

As  in  the  preceding  paper,  100  has  been  taken  to  represent  the 
moment  of  the  pressure  upon  one  sq.  ft.  exposed  normally  at  1  ft.  from 
the  axis,  and  all  other  moments  are  expressed  relatively  to  this. 

The  results  obtained  are  given  in  the  following  tables,  the  diagram 
at  the  head  of  each  table  showing  the  form  of  surface  to  which  it 
applies.  No  attempt  has  been  made  to  eliminate  the  efEect  of  the 
eddy  from  the  frame  of  the  apparatus,  a  full  discussion  of  which  will 
be  found  in  the  paper  referred  to.  The  values  given  also  include  the 
pressure  upon  the  supporting  arm.  This  is  counterbalanced  in  the 
normal  position,  but  must  have  an  increasing  effect  as  the  angle  of 
incidence  increases,  and  for  this  reason  it  has  been  considered  useless 
to  carry  the  experiments  much  beyond  an  angle  of  60**  or  70*. 

•  *BoT.  Soc.  Proc.,*  Tol.  48,  p.  288. 
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The  diagrams  showing  the  way  iu  which  the  normal  component  of 
the  preasnre  varies  with  the  angle  of  incidence  have  been  obtained  by 
taking  the  mean  Talnes  from  positions  I  and  II.  In  drawing  the 
cnrres,  the  want  of  obserrations  at  the  intermediate  angles  was  felt, 
bat  I  do  not  think  that  further  experimente  wonld  greatly  modify 
the  forms  obtained. 

A.  few  obserrationB  with  the  plate  in  the  other  position,  i.e.,  with 
the  axis  of  the  cylinder  parallel  to  the  long  arm  of  the  whirling 
machine,  have  been  made.     They  are  given  in  Tables  IV  and  V. 

In  Tables  I,  II,  IV,  and  Y  the  reaalts  have  been  redm»d  to  prea- 
sores  per  sq.  ft. ;  this  has  been  done  by  multiplying  by  12/I1'7  and 
12/9  respectively.  In  Table  III,  the  rectangle  contained  by  the  two 
straight  edges  and  the  chords  of  the  curved  edges  contains  1  sq.  ft. 
(the  length  being  28*8  in.) ;  hence  in  this  case  no  redaction  is 
necessary. 

Table  I. — Axis  of  Cylinder  inclined  to  the  Wind. 


Concave  sniface  facing  the  wind. 


0° 135,121,116,117 

20   113,118 

40   108 

45    Ill 

60    107,109 


108 


•70 


136, 131, 120, 117 
129,  121, 107, 114, 110 
128,130 

135, 181, 113, 113 
139,  120,  113,  123,  108 
138, 125,  127 
126, 130,  134, 138 
96,  100,    96,    98 
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Convex  surface  facing  the  'wind. 

87,  7?,  76 
78,  82,  86 


40  73.  75,  71,  71 

50  69,  67,  65 

60  62,  65,  59 

70  '74,  •?! 


Normal  Component.     From  Table  1. 
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^Normal  Component.     From  Table  I. 


1                       1 

1 

1 

_       1. 

_  [      1 

i 

£-0'                         4 

1 

—    - 

i 

L 

lO'                     bo' 

Table  It. — Axis  of  Cylinder  mdined  to  the  Wind, 
Fie.  a. 


Concave  sor&ce  facing  the  wind. 


Vtlntot 

.    127,  129, 133, 125 

.   124,136 

.   121,139 

.   120,137 

.•125 

.  "105,  "99 


Position  II. 

Talnoof 


20° 121,133,122,  127 

40    120,116 

50    121,119,116 
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Convex  Borfaoa  faoing  the  wiiuL 

0  60,63,65,68 

:0  60,64 

to  63,68,69 

60  61,64,  ?6,V3 

60  67,69,78,72 

70  "ST, 'lis 


20 60 

40 Si,  68 

50 52,  56 

60 47,53,  •Sa 

70 •48 


I^B 

I 

HB 

m 

1 

1 

WM 

1 

mp 

mm 
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Normal  Component.    From  Table  11. 


Table  in— Axis  of  Cylinder  iDcImed  to  the  Wind. 

rite,  288  in.,  BO  that  the  area  of  projection  of  plate 
. 

«  BactioDof  ojliiubr. 

CoDoare  anrfaoe  &Mung  the  irmd. 
Positiim  I.  Poeition  II. 

■C  Tsltie  of  Angle  of  T&lne  of 


1S3,  125 

108 

101,  ira,  105, 105,106 


,    143,141,145,14? 
.    144 

.   151,  165,  "143,  "les,  168 
,•167 

,  *\lh,  181, 187 
.•171 

,    143,148,152,151 
99,105 
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Convex  svr&ce  (actng  the  wiiid. 


0   .. 

..   89,87,96,90 

!0    .. 

..  89,94,96 

20    . 

..    102 

40    .. 

..    67,71 

40    . 

..  119,114,124 

50    .. 

..    54 

60    . 

..  131,139,146 

60    .. 

..  42 

60    . 

..   113,118 

70   .. 

..   28,29 

70    . 

..   78 

80    .. 

..    15 
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Normal  Component.     From  Table  III. 


B  IV. — Chord  of  Cylinder  inclinod  to  Wind  Du-ectioii. 
Same  plate  as  Table  I.     Chord  ll?  in. 


50 
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Concave  surface  facing  the  wind. 


Position  I. 

Angle  of  Value  of 

incidence.  moment. 

0** Ill,  116 

22i 116 

45    •124,130 


0 

22^ 
45 


Position  II. 


Angle  of 
incidence. 


Value  of 
moment. 


221** 118 

45     117,  •113 


Convex  sarface  facing  the  wind. 
86 


65 
48 


22^ 
45 


76 
46 


Table  V.— Chord  of  Cylinder  inclined  to  the  Wind. 

Same  plate  as  in  Table  II.     Chord  9  in. 

Concave  anrface  facing  the  wind. 


Position  I. 

Position  II. 

Anffle  of 
incidence. 

Value  of 

Angle  of 
mcidence. 

Value  of 

moment. 

moment. 

0"  .... 

....   131 

20    

. . . . *152 

20'*  . 

120,130 

40    . 

134     . 

0 
20 
40 


Convex  sarface  facing  tbo  wind. 
..64 


45,46 
24 


20 
40 


56 
24 


Experiments  for  the  purpose  of  finding  how  the  curvatare  infiuen 
the  resistance  at  pcrpendioalar  incidence  have  also  been  made. 

.  The  curvature  of  the  plate  was  gi*aduallj  ind'eased  by  drawing 
opposite  edges  more  closely  together,  and  the  corresponding  pressn 
were  obtained,  both  with  the  concave  and  convex  surfaces  facing 
wind. 

The  projection  of  the  plate  upon  a  plane  perpendicular  to  the  w 
direction  becomes  less  as  the  curvatare  increases,  but  the  pressu 
have  been  reduced  to  unit  area,  so  that  they  may  bo  easily  comparal 
It  should  be  noted,  however,  that  the  pressure  upon  a  rectangle  is  1 
than  upon  an  equal  square,  the  difference  being  considerable  if 
rectangle  be  long  and  narrow. 

The  results  are  given  in  the  following  table  : — 
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Table  showing  the  Kelation  between  Besistance  and  Corvature. 


The  negative  sign 
surface  is  facing 
1  sq.  ft. 

Chord. 

7-6  in. 

8-4 

90 
10-8 
11-6 
120 
120 
11-8 
11-6 
10-9 

90 


placed  before  the  versine  means  that  the  convex 
the  wind.     In  each  case  the  ai'ea  of  the  plate  is 


»» 


»• 


»» 


»< 


>» 


t» 


«i 


91 


»* 


»» 


Vewine. 

-3-8  in. 

-3-6 

-33 

-2-1 

-1-5 

0 

0-5 

10 

1-5 

2-0 

33 


Area  of 
projection. 

0-633  sq.  ft. 

0-70 

0-75 

0-90 

0-97 

1-00 

l-OO 

0-98 

0-97 

0-91 

0-76 


'» 


•t^ 


»f 


♦» 


»» 


»> 


»i 


f> 


BelatiTe  pressure 
per  sq.  ft. 

72 

72 

70 

80 

82 
114. 
126 
129 
130 
127 
129 


The  valnea  could  not  be  obtained  beyond  this  on  account  of  the 
flattering  of  the  plate. 

The  following  values  are  given  here  for  the  sake  of  comparison. 
Thej  were  obtained  in  May,  1889,  by  a  similar  method.  The  pres- 
sures are  expressed  per  sq.  ft.  in  the  same  scale  : — 

A  9-in.  Robinson  cup,  concave 132 

„                   convex    45 

A  5-in.  Robinson  cup,  concave 126 

,y        convex  55 

A  plate  6  in.  diameter,  with  cone  angle  90°  at  back  •  •  112 

The  same  with  cone  in  front 74 

A  plate  6  in.  diameter,  with  cone  angle  30**  at  back   . .  115 

The  same  with  cone  in  front 45 

From  these  values  the  curve  given  below  showing  the  relation 
between  the  pressure  per  unit  area  and  the  curvature  has  been  con- 
structed in  a  manner  suggested  by  Professor  Darwin.  The  ordinates 
give  the  resistance  per  unit  area  of  projection  of  plate,  and  the 
absciss®  the  angle  subtended  by  a  section  of  the  plate  at  the  centre 
of  curvature. 

There  are  one  or  two  points  in  the  curve  which  call  for  special 
notice. 

The   scale   of   pressure   is   the   same  as  in  the  other  tables   and 
diagrams,  and  100  in  the  scale  represents  a  pressure  of  1  lb.  per 
sq.  ft.  at  a  velocity  of  18^  miles  per  hour.      It  waa  originaWy  e\vo^«ii 
fio  that   100  mi^h^  denote  the  pressure    upon    a  8c\\itarQ   ip\«bVfe  ol 
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1  aq.  ft.  area  exposed  normally,  and  Lence  tfae  curve  ahonld  intersect 
the  middla  line  at  a  point  where  the  ordinate  is  100.  It  doea  not  do 
so,  howevpr,  partly  on  accoant  of  the  eddy  from  the  frame  (see  pre- 
ceding paper),  and  partly  because  the  two  days  on  which  the  experi- 
raonts  relating  to  this  cnrve  were  made  both  happened  to  be  days  on 
which  the  pressure  was  above  the  average. 

The  slight  turning  up  of  the  line  near  the  two  ends  may,  perhaps, 
be  due  to  the  smaller  area  of  projection  and  consequent  increase  of 
pressure  per  unit  area  in  those  positions,  or  it  may  be  due  to  errors 
of  observation.  The  cnrve  was  obtained  from  experiments  upon  one 
plate  only,  and  it  is  not  nnlikely  that  a  slightly  different  form  might 
have  resulted  from  the  use  of  a  larger  or  smaller  square  plate. 


!□  ahoitiiig  the  Btliition  between  tbe  Besislancc  of  aCmred  Plale  at  Perpen- 
dicular Incidence  per  Unit  Area  of  Frojectton  and  tbe  Curvaluiv. 
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IV.  "Quadrant  Electrometers."  By  W.  E.  Atbto\,  F.R.S., 
J.  Perky,  F.R.S.,  and  W.  E.  Sumpner,  D.Sc.  Received 
May  19,  1891. 

(Abstract.) 
Id  1886  it  was  noticed,  on  continuously  charging  up  tlie  needle 
of  Sir  William  Thomson's  bifilar  suspension  quadrant  electrometer 
Kb.  5,  made  by  Messrs.  White,  oE  Glasgow,  and  in  nae  at  the  labo- 
ratories at  the  Central  Institntion,  that  the  deflection  of  the  needle, 
when  the  same  P.D.  (potential  difference)  was  maintained  betweon  the 
qQAdniiitii  instead  of  steadily  increasing,  firat  increased,  and  then 
diminiufaed  ;  so  tliat,  both  for  a  large  charge  on  the  needle  as  well  as 
for  a  small,  the  aenaibility  of  the  instrument  was  small.  A  similar 
effect  ha*i  been  described  by  De.  J.  Hopkinaon,  in  the  '  Proceedings 
of  the  Piiysical  Society,'  toI.  7,  Part  1,  for  the  previous  year,  and 
the  explanation  he  gives  of  this  curious  result  is,  that  if  the  aluminium 
needle  be  below  the  centre  of  the  quadrants,  the  downward  attrac- 
tion of  the  needle  which  varies  with  the  square  of  the  needle's 
chaise  increaRCB  the  pull  on  the  bifilar  suapension,  and  so  for  high 
cbaj-ges  more  tlian  compensates  for  the  increased  deflecting  conple 
doe  to  electrical  action.  On  raising,  however,  the  needle  of  onr 
eleciromBt.er  mnch  above  the  cen^  of  the  qnadranta,  the  anomalona 
variation  of  sensibility  of  the  instrament  with  increase  of  charge  in 
the  needle  did  not  disappear,  and  even  when  the  needle  was  raised 
so  that  it  was  veiy  close  to  the  tap  of  the  quadrants,  and  when,  if 
Dr.  Hopkinaon's  explanation  were  correct,  the  sensibility  (or  deflection 
corresponding  with  a  given  P.D.  between  the  quadrants)  onght  to 
have  been  ver^-  j^reat  for  a  large  charge  on  the  needle,  it  was,  on  the 
coatcBiy,  found  to  be  small. 

The  needle  was  carefully  weighed,  with  the  platinam  wire  attaobed 
and  the  weight  dipping  into  the  acid,  and  a  calculation  was  made  as 
to  the  magnitude  of  the  effect  that  should  arise  from  the  change  of 
the  pull  of  the  fibres  dne  to  any  upward  or  downward  attraction  of 
the  needle  by  the  quadrants.  This  calculation  showed  that  for  a 
P.D.  of  3000  volts  between  the  needle  and  the  quadrants,  the  amount 
of  anch  attraction  was  qnit«  unable  to  account  for  the  observed  dimi- 
nution  of  sensibility  with  large  charges  in  the  needle.  Dr.  Hopkin- 
aon says  in  his  paper,  "  Increased  tension  of  the  fibres  from  electrical 
attraction  does  not  therefore  account  for  the  whole  of  the  facts, 
although  it  does  play  the  principal  part."  The  experiments  that  we 
made  at  the  end  of  1886  and  beginning  of  1887,  confirmed  by  the 
calculation  above  referred  to,  proved  that,  at  any  rate  in  out  B^ftci- 
men  of  the  ^oadrsst  alaotrometer,  the  principal  part  oi  tAie  anonviiioMa 


54  Profs.  Ayrton  and  PeiTy  and  Dr.  Siunpner.     [June  4, 

action  was  not  caased  by  an  increased  tension  of  the  fibres,  and  that 
therefore  some  other  cause  must  be  looked  for  to  explain  the  observed 
results. 

An  investigation,  which  turned  out  to  be  both  lengthy  and  very 
laborious,  was  therefore  undertaken  to  ascertain  the  cause  of  this 
curious  behaviour  of  our  White  electrometer.  At  first  we  thought 
that  it  might  be  due  to  some  capillary  action  between  the  platinum 
weight  and  the  sulphuric  acid,  which  varied  with  the  potential  of 
the  acid,  but,  experiment  having  shown  that  this  was  not  the  explana- 
tion, we  decided  to  make  an  exhaustive  series  of  experiments  for 
determining  the  laws  connecting  the  variation  of  sensibility  of  the 
White  quadrant  electrometer  with  the  potential  of  the  needle,  the 
distance  between  the  silk  fibres,  and  the  distance  between  the  quad- 
rants. The  investigation  has  occupied  us  on  and  off  for  some  yearSt 
and  in  carrying  it  out  the  quadrant  electrometer  has  had  to  be  taken 
to  pieces  many  times. 

To  facilitate  the  frequent  removal  of  the  interior  of  the  Leyden  jar, 
rendered  necessary  for  carrying  out  the  various  experiments,  an  im- 
provement was  introduced  into  the  method  of  clamping  the  needle, 
and  to  diminish  leakage,  an  improvement  was  introduced  into  the 
replenisher,  both  of  which  are  described  in  detail  in  the  paper. 

The  P.D.  between  the  needle  and  the  outside  case  of  the  electro- 
meter was  measured  by  means  of  one  of  Sir  William  Thomson's 
absolute  electrometers,  made  especially  sensitive  by  thinning  the 
coach  springs  supporting  the  attracted  aluminium  disc. 

In  July,  1888,  several  large  P.Ds.  were  measured  by  means  of  this 
absolute  electrometer  (using  the  constants  that  we  had  determined 
for  this  instrument),  and  by  means  of  one  of  Sir  William  Thomson's 
commercial  *'  electrostatic  voltmeters,"  reading  to  20,000  volts,  kindly 
lent  us  by  Messrs.  Elliott  Brothers.  The  result  of  these  comparisons 
led  first  to  a  correction  in  the  constants  that  had  been  previously 
sent  out  with  the  electrostatic  voltmeters  from  Glasgow,  and  secondly, 
to  a  new  determination  of  the  value  of  "  v."  For  Sir  William 
Thomson  had  calibrated  these  voltmeters  electromagnetically  on  the 
basis  of  the  value  of  the  electrochemical  equivalent  of  silver,  as 
determined  by  Lord  Bayleigh  and  Mrs.  Sidgwick,  while  we  had 
checked  the  calibration  of  the  electrostatic  voltmeter  by  comparing 
this  instrument  with  the  absolute  electrometer.  The  value  of  "  «  " 
thus  obtained  was  298  million  metres  per  second. 

From  the  experiments  made  on  varying  the  distance  between  the 
fibres  supporting  the  needle  of  the  quadrant  electrometer,  it  was 
found  that,  when  the  control  due  to  the  fibres  was  large,  the  sensi- 
bility of  the  quadrant  electrometer  increased  more  rapidly  than  the 
potential  of  the  needle,  whereas,  when  the  control  due  to  the  fibres 
was  jsmal],  the  sensibility  increased  with  the  potential  of  the  needle 
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up  to  a  certain  point,  and  then  diminished  again  as  the  potential  of 
the  needle  was  still  farther  increased. 

From  experiments  made  by  varying  the  distance  between  the 
qnadrants,  we  foand  that  when  the  distance  between  the  quadrants 
was  small,  the  sensibility  first  increased  as  the  potential  of  the  needle 
was  raised,  then  it  diminished,  and  finally  it  increased  again  for  a 
still  further  increase  of  the  potential  of  the  needle.  The  curve,  there- 
fore, connecting  sensibility  with  potential  of  the  needle  was  inva- 
riably of  an  o^  shape  for  a  small  distance  between  the  quadrants. 

As  the  distance  between  the  quadrants  was  increased,  the  sensi- 
bility curve  flattened,  becoming  practically  straight  when  the  distance 
separating  the  quadrants  was  3*9  mm.  For  a  greater  distance  than 
this  between  the  quadrants,  the  sensibility  increased  more  rapidly 
tiian  the  potential  of  the  needle. 

The  various  curves  accompanying  the  paper  show  that  this 
quadrant  electrometer  may  be  adjusted  so  that  the  variation  of 
sensibility  with  the  potential  of  the  needle  may  be  made  to  follow 
one  or  other  of  three  distinct  laws.  If  the  quadrants  be  near  together, 
there  are  certain  limits  between  which  the  potential  of  the  needle 
may  vary  without  producing  more  than  a  small  change  in  the 
deflection  corresponding  with  a  fixed  P.D.  between  the  quadrants ; 
for  example,  when  the  quadrants  were  about  2^  mm.  apart,  and  the 
fibres  near  together  at  the  top,  the  deflection  produced  by  a  P.D.  of 
1*45  volts  between  the  quadrants  only  varied  about  11  per  cent,  when 
the  potential  of  the  needle  varied  from  896  to  3586  volts,  that  is,  by 
2690  volts.  When  the  fibres  were  far  apart  at  the  top,  it  was  when  the 
quadrants  were  about  1  mm.  apart,  as  seen  in  sheet  III,  that  a  similar 
flatness  was  obtained  in  the  curve  connecting  deflection  with  potential 
of  the  needle.  In  this  case  the  deflection  of  the  needle  was  practically 
quite  constant  when  its  potential  varied  between  2152  and  3227  volts, 
and  even  when  the  potential  of  the  needle  was  increased  from  1434 
to  3407  volts,  that  is,  by  nearly  2000  volts,  the  deflection  did  not 
increase  by  as  much  as  9  per  cent.  This  arrangement  of  the  quad- 
rants gives  but  a  comparatively  small  sensibility,  but,  where  great 
sensibility  is  not  required,  it  would  be  a  convenient  one  to  employ, 
as  leakage  of  the  Ley  den  jar,  or  loss  of  potential  of  the  needle  due  to 
the  rapid  absorption  that  occurs  when  the  jar  is  first  charged,  would 
only  slightly  affect  the  deflection  for  a  fixed  P.D.  between  the 
quadrants. 

When  the  quadrants  were  at  about  3*9  mm.  apart,  the  deflection  for 
a  given  P.D.  between  the  quadrants  was  almost  directly  proportional 
to  the  potential  of  the  needle.  This  then  would  be  the  arrangement 
to  employ  when  the  electrometer  is  used  with  alternating  P.Ds. 
And  lastly,  when  the  quadrants  wore  4  mm.  or  more  ai^Qxt>  Wi^ 
deflection  increased  mnoh  more  rapidly  than  the  'poientmY  ol  \)Ei^ 
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needle,  so  that  maximum  senBibility,  bordering  on  instability,  is 
obtained  with  this  arrangement  of  the  quadrants. 

After  carrying  out  a  large  number  of  experiments,  the  cause  of  the 
irregularity  in  the  action  of  the  Thomson  quadrant  electrometer,  as 
made  by  Messrs.  White,  began  to  dawn  on  us.  The  wire  supporting 
the  aluminium  needle,  as  well  as  the  wire  which  connects  the  needle 
with  the  sulphuric  acid  in  the  Lejden  jar,  is  enclosed  in  a  metallic 
guard  tube  to  screen  the  wire  from  external  action.  But,  in  order 
that  the  needle  may  project  outside  the  guard  tube,  opeuings  are 
made  in  its  two  sides.  Hence  the  moment  the  needle  is  dedected 
from  its  zero  position,  each  half  of  the  needle  becomes  unsymmetri- 
cally  placed  relatively  to  the  two  metallic  pieces  which  join  the 
upper  and  lower  half  of  the  guard  tube.  Therefore,  in  spite  of  the 
needle  and  the  guard  tube  being  always  maintained  at  the  same 
potential,  there  is  a  repulsion  between  the  charges  on  the  two  con- 
necting pieces  of  the  guard  tube  and  the  charges  on  the  two  halves  of 
the  needle.  And  this  repulsion  has  not  only  the  defect  of  seriously 
diminishing  the  sensibility  of  the  quadrant  electrometer  as  made  by 
Messrs.  White,  but  causes  the  variation  of  sensibility  of  the  electro- 
meter with  variation  of  the  P.D.  between  the  needle  and  the  outer 
coating  of  the  Leyden  jar  to  follow  a  far  more  complicated  law  than 
that  expressed  by  the  conventional  formula  just  given. 

To  test  this  theorj^,  that  the  peculiarities  in  the  law  of  the  quad- 
rant electrometer  are  due  to  the  electric  action  of  the  guard  tube  on 
the  needle  in  consequence  of  the  special  shape  of  the  former,  we 
intensified  and  varied  the  want  of  symmetry  of  the  guard  tube  by 
attaching  a  piece  of  thin  aluminium  foil  to  it  above  and  below  the 
needle,  and  experiments  made  on  the  law  connecting  the  sensibility 
of  the  electrometer  with  the  potential  of  the  needle  showed  that  the 
law  could  be  much  altered  in  character  by  a  slight  shift  in  the 
position  of  the  piece  of  aluminium  foil. 

The  paper  then  goes  on  to  describe  experiments  connecting  the 
motion  of  the  electrical  zero  with  the  potential  of  the  needle,  and 
with  the  position  of  the  adjustable  quadrant. 

Guided  by  the  results  of  a  long  course  of  experiments  on  the  White 
electrometer,  we  were  led,  with  the  assistance  of  Mr.  Mather,  to 
construct  an  improved  unifilar  quadrant  electrometer  which  is  fully 
described  and  illustrated  in  the  paper.  This  improved  electi-ometer 
differs  in  numerous  particulars  from  that  made  by  Messrs.  White. 
The  bifilar  suspension  is  abandoned  for  reasons  given  in  the  paper,  and 
there  is  employed  instead  a  new  form  of  adjustable  magnetic  control, 
80  arranged  that  the  needle  is  practically  unaffected  by  outside  mag- 
netic disturbance.  All  the  working  parts  are  supported  from  the 
base,  so  that  on  removing  the  glass  shade,  which  serves  as  the  Leyden 
jar,  all  the  parts  can  be  got  at  and   adjusted  in  positimi;    all  the 
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insulated  stems  are  made  of  glass,  and  are  under  cover,   protected 

from  dust  and  damp;  pressure  contact  between  the  electrodes  and  the 

quadrants  is  replaced  by  spirals  of  fine  wire  screwed  to  the  quadrants 

and  to  the  electrodes;    the  needle,  quadrants,  and  guard  tnbe  are 

30  shaped  that,  in  whatever  symmetrical  position  the  quadrants  be 

placed,  the  deflection  produced  by  a  given  P.D.  between  the  quadrants 

is  directly  proportional  to  the  potential  of  the  needle,  and  further, 

this  improved  electro&ieter  is  at  least  ten  times  as  sensitive  as  our 

spechnen  of  the  White  pattern  when  the  instruments  are  adjusted  to 

be  in  equally  trustworthy  condition  as  regards  definiteness  of  the  zero 

!uid  of  the  deflected  position  of  the  spot  of  light. 

Next  follows  an  account  of  some  experiments  made  by  us  on  a 
White  electrometer,  the  needle  of  which  Mr.  Boys  had  suspended 
with  a  single  quartz  fibre..  Although  this  instrument  was  in  excellent 
condition  as  regards  definiteness,  <%^c.,  the  raising  of  the  potential  of 
the  ueedle  to  only  400  volts  was  sufficient  to  show  that  the  sensibility 
w&s  not  proportional  to  the  needle's  potential. 

Lastly,  for  the  purpose  of  obtaining  conclusive  evidence  as  to 
whether  our  idea  was  correct  about  the  connecting  pieces  of  the 
goard  tube  in  the  White  electrometer  causing  the  sensibility  of  this 
instrument  to  be  in  many  cases  actually  less  when  the  needle  had  a 
tigh  potential  than  when  it  had  a  low,  we  had  constructed  a  little 
collar  with  two  legs.  This  collar  could  be  clamped  to  the  upper 
portion  of  the  guard  tube  of  the  improved  electrometer  with  the  legs 
projecting  down  into  the  quadrants  on  each  side  of  the  needle,  and 
experiments  showed  that  when  this  collar  was  attached  to  the  guard 
tube  the  improved  electrometer,  although  not  a  bifilar  instrument, 
Wame  as  bad  as  the  White  pattern.  For  while  before  the  attach- 
inent  of  this  collar  the  sensibility  increased  proportionately  to  the 
potential  of  the  needle,  after  the  collar  was  attached  the  sensibility 
^t  increased  and  then  diminished  again  as  the  potential  of  the 
needle  increased,  and  with  the  same  adjustment  of  the  quadrants, 
controlling  magnets,  <fec.,  and  with  the  needle  charged  to  a  potential 
of  1300  volts,  the  mere  attachment  of  this  little  collar  reduced  the 
sensibility  to  one  quarter. 

The  paper  concludes  with  a  sketch  of  the  mathematical  investiga- 
tion that  we  carried  out,  and  it  is  explained  that  by  taking  into 
account  the  electrical  action  of  the  connecting  pieces  of  the  guard 
tnbe  of  the  White  electrometer,  the  diminution  in  this  action  as  the 
quadrants  are  pulled  out,  the  alteration  produced  by  the  tilting  of 
the  needle  at  high  potentials  on  the  magnitude  of  this  electrical 
action  as  well  as  on  the  rate  of  variation,  per  radian  deflection  of  the 
needle,  of  the  coefficient  of  induction  between  the  insulated  pair  of 
quadrants  and  the  needle,  an  expression  was  obtained  for  t\iQ  de^e^- 
tion  of  the  needle  iz?  terms  of  its  potential  and  the  P.D.betwe^iii^^'^ 
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qaadrants.  And  this  expression,  although  containing  only  three 
constants,  fitted  with  considerable  accaracj  all  the  cnrves  given  in 
the  several  sheets  accompanying  the  paper. 

The  results  of  the  investigation,  briefly  summed  up,  are  as 
follows : — 

1.  The  quadrant  electrometer  as  made  by  Messrs.  White,  although 
it  may  be  carefully  adjusted  for  symmetry,  does  not  usually  even 
approximately  obey  the  recognised  law  for  a  quadrant  electrometer 
when  the  potential  of  the  needle  is  altered. 

2.  The  peculiarities  in  the  behaviour  of  the  White  electrometer  are 
due  mainly  to  the  electrical  joction  between  the  guard  tube  and  the 
needle,  and  to  the  slight  tilting  of  the  needle  that  occurs  at  high 
potentials. 

3.  By  special  adjustments  of  the  quadrants  of  the  White  electro- 
meter the  sensibility  can  be  made  to  be  either  nearly  independent 
of  the  potential  of  the  needle,  or  to  be  directly  proportional  to  the 
potential,  or  to  increase  more  rapidly  than  the  potential  of  the  needle. 

4.  By  altering  the  construction  of  the  instrument  as  described,  the 
conventional  law  for  the  quadrant  electrometer  is  obtained  without 
any  special  adjustment  of  the  quadrants  beyond  that  for  symmetry, 
and  the  instrument  is  rendered  many  times  as  sensitive  as  the 
specimen  wo  possess  of  the  White  pattern. 


V.  **  Researches  on  the  Absorption  of  Oxygen  and  Formation 
of  Carbonic  Acid  in  ordinary  Human  Respiration,  and  in 
the  Respiration  of  Air  containing  an  Excess  of  Cai-bonic 
Acid."  By  William  Maroet,  M.D.,  F.R.S.  Received 
May  25,  1891. 

Allow  me  to  begin  by  recording  the  valuable  help  I  have  expe- 
rienced throughout  the  present  enquiry  from  my  assistant,  Mr.  Ed- 
ward Russell,  F.C.S.  We  have  both  put  our  shoulders  to  the  wheel, 
and  have  gone  together  through  the  great  number  of  calculations 
the  work  entailed.  1  am  much  indebted  to  Mr.  Russell  for  the  pains 
be  has  taken,  and  the  accuracy  of  his  judgment  whenever  a  knotty 
point  had  to  be  met  and  overcome. 

My  object  in  the  following  paper  is  to  give  an  account  of  the  con- 
sumption of  oxygen  in  human  respiration,  or,  in  other  words,  to 
determine  the  proportions  of  oxygen  transformed  into  carbonic  acid, 
and  of  oxygen  retained  in  the  blood,  to  which  is  added  a  short  in- 
quiry into  the  effects  produced  by  the  inhalation  of  air  containing 
CO2  on  the  interchange  of  the  pulmonary  gases.  The  investigation 
was  carried  out,  ao  far,  on  myseK  and  Mr.  Russell,  while  under  the 
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influence  of  food  and  when  fasting,  or  at  a  period  of  four  hoars  at 
least  from  breakfast,  when  a  desire  for  Innch  was  clearly  felt. 

The  resnlts  aimed  at,  although  applying  to  man  instead  of  animals, 
were  similar  in  kind  to  those  obtained  on  animals  by  Messrs.  Reg- 
nault  and  Beiset,*  and  more  recently  by  Messrs.  Chapman  and  Bru- 
backer,  of  Philadelphia. f  Begnault  and  Beiset  by  their  admirable 
researches  have  paved  the  way  to  a  correct  history  of  the  chemical 
phenomena  of  respiration ;  and  Chapman  and  Brubacker,  who  have 
repeated  these  experiments  by  a  similar  method,  deserve  much  praise 
for  their  laborious  and  interesting  investigation,  confirming,  in  a 
marked  degree,  the  results  obtained  by  Begnault  and  Boise t. 

Babbits  being  the  subject  of  the  experiments,  Begnault  and  Beiset 
obtained  for  the  relation  between  the  oxygen  consumed  and  C0% 
produced  a  mean  figure  of  0'919  from  six  experiments ;  with  Messrs. 
Chapman  and  Brubacker  the  corresponding  result,  also  from  rabbits, 
waa  0-90. 

These  experiments  were  made  by  contining  animals  in  a  receiver 
or  bell -jar,  and  absorbing  the  CO2  they  produced  with  potassium 
hydrate  aided  by  mechanical  means,  while  oxygen  was  supplied 
automatically  as  fast  as  the  CO2  was  absorbed,  and  as  nearly  as 
possible  in  equal  volumes.  An  examination  of  the  figures  expressing 
the  results  obtained  by  Begnault  and  Beiset  and  the  American 
physiologists  will  show  that  the  animals  at  the  end  of  the  experi- 
ment had  to  breathe  an  atmosphere  containing  an  excess  of  C02,  as 
it  was  impossible  to  rid  the  air  entirely  of  this  gas.  The  proportion 
of  COa  present  in  the  air  at  the  close  of  the  experiment  occasionally 
rose  to  3  per  cent,  and  higher,  and  this  is  a  rather  large  contamina- 
tion to  allow  of  results  being  applied  to  natural  breathing,  considering 
that  atmospheric  air  contains  only  from  0*04  to  0*1  per  cent.  C02. 

Moreover,  the  proportions  of  oxygen  in  the  chamber  at  the  end  of 
the  experiments  varied  considerably,  although  always  lower  than  the 
corresponding  proportion  in  atmospheric  air.  86  that,  towards  the 
end  of  the  experiments,  the  animals  were  breathing  air  containing 
an  excess  of  CO3  and  a  deficiency  of  O. 

There  must  be  another  difficulty  to  contend  with  in  such  kinds  of 
experiments,  amounting  to  the  impossibility  of  keeping  the  animals 
quiet,  and  muscular  action  exerts,  we  know,  a  very  positive  influence 
on  the  phenomena  of  respiration. 

In  addition  to  the  labours  of  Begnault  and  Beiset,  and  Chapman 
and  Brubacker,  I  have  to  quote  the  papers  of  Carl  Speck, ;[  and  of 

•  *  Aiumles  de  Ohimie  et  de  Physique,'  1849. 

t  '  Proeeedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia/  January, 
1^1. 

X  ^  Kxperimentelle  Untersuchungen  uber  den  Einfluss  der  Nahrun g  auf  Sauerstofl- 
Terbranch  und  Kohlens&ureauABcheidun/^  dcB  Menschen,"  von  CarV  ^^ecV^  **  Ax^v^ 
f&r  Vni^bologie,  *  1874. 
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Messrs.  Jolyet,  C.  T.  Bergenia,  and  Sigalaa,*  while  an  elaborate  paper 
has  appeared  last  month  (April)  in  the  '  Annales  de  Chimie  at  de 
Physique,'*  by  Messrs.  Hanriot  and  Ch.  Richet,  which  also  treats  of 
the  interchange  of  the  respii'atory  gases  in  man.  In  the  experi- 
ments last  mentioned,  the  air  inspired  was  breathed  through  a  gas 
meter,  and  then  expired  through  another  meter.  Next,  the  air  expired 
was  conducted  through  an  apparatus  destined  to  the  absorption  of 
the  COj,  and  finally  through  a  third  meter.  The  meter  on  the  inspira- 
tory track  showed  the  volume  of  air  inspired,  the  first  expiratory 
meter  registered  the  volume  of  air  expired,  and  the  second  the  volume 
of  CO2  produced,  which  was  equal  to  the  diflTerence  of  volumes  as 
indicated  by  the  two  meters.  The  difference  of  volume  registered  by 
the  inspiratory  and  first  expiratory  meters  yielded  the  volume  of 
oxygen  absorbed. 

The  method  is  ingenious ;  at  first  sight  it  appears  satisfactory,  but 
on  looking  into  the  process  with  an  experience  acquired  from  about 
15  years'  work,  on  and  off,  on  the  chemical  phenomena  of  respira- 
tion, and  with  the  knowledge  of  the  difficulties  concerning  the 
volnmeti'ic  determination  of  carbonic  acid,  I  cannot  help  considering 
the  method  too  rough  for  an  inquiry  which  requires  extremely  deli- 
cate manipulation. 

I  must  also  take  exception  to  the  use  of  the  face-pieces  and 
valves  which  were  introduced  in  these  experiments,  though  reluc- 
tantly, as  the  authors  remark.  In  my  earliest  inquiries  on  the 
chemical  phenomena  of  respiration,  face-pieces  and  valves  wei*e 
employed  ;  but  eventually  I  gave  them  up  from  their  interfering  with 
free  respiration,  and  from  the  difficulty  of  maintaining  the  valves  in 
an  absolutely  reliable  state. 

Method  of  Investigatimi  and  Instruments, 

The  method  of  investigation  adopted  in  the  present  researches  is 
quite  different  from  any  of  those  made  use  of  by  other  authors.  Every 
care  was  taken  to  breathe  naturally  during  the  experiment.  The 
recumbent  position  was  assumed  in  a  deck  chair,  with  the  body  per- 
fectly supported,  and  the  person  under  experiment  inspired  through 
the  nose  and  expired  through  the  mouth,  compressing  his  nostrils, 
during  expiration,  if  it  was  thought  necessary,  with  a  slight  mqtion  of 
the  hand,  or  of  the  index  fingers  of  both  hands.  The  movement  was, 
indeed,  hardly  perceptible,  and  could  not,  by  any  means,  influence  the 
CO2  expired.  After  a  sufficient  period  of  rest  had  been  allowed,  the 
expired  air  was  collected  in  a  receiver  or  bell- jar  suspended  over  salt- 
water,   which   has  been   described  on  former   occasions.      The   re- 

*  "^changes  gazeux  pulmonaires  dans  la  respiration  de  rhomme,"  *Comptes 
BenduB, '  1887. 
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ceiver  was  so  carefully  connterpoised  that  the  person  under  experi- 
ment could  not  tell  whether  he  was  breathing  into  it  or  into  the 
external  air.  It  was  supplied  with  a  scale  divided  into  litres  and 
fractions  of  litres;  an  oil  gauge  showed  the  pressure  of  the  air 
within  it,  and  a  thermometer  its  temperature.  A  nnmber  of  pre- 
cautions were  taken  in  connexion  with  the  mode  of  collecting  the  air 
expired,  which  cannot  be  entered  into  at  present.  I  have  satisfied 
myself  that  breathing  into  these  bell-jars  is  identical  with  natural 
respiration :  the  volumes  expired,  say,  per  minute  really  correspond- 
ing with  the  volume  of  air  expired  per  minute  w^hile  breathing  natu- 
rally into  the  open  air.  Each  experiment  lasted  between  7  and  8 
minutes. 

The  determination  of  carbonic  acid  in  the  air  expired  was  made 
exactly  in  the  way  described  in  a  previous  paper  to  the  Royal  Society.* 
The  air  expired  was  transferred  from  the  bell-jar  to  a  cylinder,  shaken 
with  baryta-water,  and  finally  determined  by  titration,  according  to 
Pettenkofer's  method. 

The  oxygen  was  determined  in  a  eudiometer,  constructed  on  the 
same  principle  as  the  eudiometer  I  have  described  in  the  '  Proceedings 
of  the  Royal  Society, 'f  but  modified  and  improved.  Instead  of  a 
straight  tube  this  instrument  consists  of  a  (J -tube,  with  a  neck  and  a 
glass  stop-cock  at  its  bend.  One  limb  is  left  open,  and  the  other  is 
closed  at  the  top  by  an  iron  cap,  in  which  a  three-way  cock  is  fitted, 
perfectly  air-tight.  Two  short  iron  tubes  project  beyond  the  tap. 
Both  limbs  of  the  U  -tube  are  graduated.  The  limb  bearing  the  iron 
cap  is  graduated  into  cubic  centimetres,  and  the  open  limb  is  gradu- 
ated into  divisions  corresponding  exactly  with  those  on  the  other 
limb,  so  that,  whatever  be  the  level  of  the  mercury  in  the  U^^^^® 
under  atmospheric  pressure,  the  readings  are  identical  in  both  limbs. 
The  scale  at  the  back  of  the  open  limb  is  movable,  so  that  it  can  be 
brought  easily  into  its  proper  position  and  fixed  there.  The  closed 
limb  is  surrounded  with  a  water  jacket,  and  the  iron  cap  is  partly 
immersed  in  water,  while  the  platinum  wires  are  embedded  in  a 
shellac  cement,  so  as  to  be  effectually  protected  from  contact  with 
the  water. 

The  hydrogen  for  exploding  the  gas  was  prepared  with  every  care 
from  zinc  and  sulphuric  acid ;  it  was  washed  first  through  a  strong 
solution  of  potassium  hydrate,  and  then  through  water.  A  volume  of 
hydrogen,  at  least  nine  or  ten  times  that  ot  the  air-spaces  in  the 
Woulffe's  bottles,  was  passed  through  before  collecting  the  gas ;  it  was 
finally  aspired  into  a  glass  bell-jar  of  a  capacity  of  about  a  litre,  and 
movable  up  and  down  in  a  glass  receiver  holding  water. 

•  "  A  Chemical  Enquiry  into  the  Phenomena  of  Human  Respiration,"  *  Phil. 
Trans.,'  B,  1890. 

t  •*  A  new  form  of  lE.udiomeier"  'Roy.  Soc.  Ppoc.,*  June,  1888. 
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Before  the  hydrogen  was  nsed  it  was  tested  in  nearly  every  case 
with  atmospheric  air. 

The  determinations  of  oxygen  were  made  as  follows  : — The  \J  -tube 
was  first  of  all  filled  to  overflowing  with  mercury  through  its  open 
limb,  the  three-way  cock  being  turned  so  as  to  let  out  the  mercury 
after  filling  the  tube ;  by  this  means  every  trace  of  gas  was  driven  out 
of  the  tube. 

Then  the  stop-cock  was  turned  so  as  to  close  the  eudiometer  and 
let  the  hydrogen  gas  through  it,  and  the  instrument  having  been 
brought  into  connexion  with  the  gas-holder  by  india-rubber  tubing*, 
the  hydrogen,  under  a  pressure  of  an  inch  or  more  of  water,  was 
driven  rapidly  through  the  stop-cock,  being,  moreover,  aspired  by 
the  dilatation  of  an  india-rubber  syringe.  The  cock  was  now  turned 
80  as  to  admit  the  hydrogen  into  the  eudiometer,  and  the  mercury, 
being  let  out  at  the  bend  of  the  (J  -tube,  aspired  the  required  volume 
of  hydrogen  into  the  instrument ;  this  amounted  to  from  18  to  20  c.c. 
The  bell-jar  was  then  placed  under  atmospheric  pressure,  the  gas 
turned  off,  and  the  height  of  the  mercury  if  not  exactly  the  same  in 
both  limbs  was  adjusted  by  adding  or  withdrawing  mercury  until  the 
readings  were  alike. 

The  air  to  be  analysed  for  the  determination  of  oxygen  had  been 
collected  by  displacement  with  water  in  a  cylinder  holding  from  1  to 
1*5  litre,  and  shaken  with  a  solution  of  barium  hydrate,  to  rid  it 
entirely  of  its  carbonic  acid.  The  cylinder  was  now  placed  on  a  stand, 
over  which  was  disposed  a  glass  receiver  full  of  water,  communicating 
by  india-rubber  tubing  with  the  lower  end  of  the  cylinder.  The  india- 
rubber  tube  was  carefully  filled  with  water,  so  as  to  let  no  air  into 
the  cylinder,  and  then  the  cylinder  was  placed  in  communication 
with  the  eudiometer.  The  next  stage  was  to  wash  out  the  passage 
in  the  stop-cock  with  the  air  to  be  analysed ;  this  was  done  by  con- 
necting by  india-rubber  tubing  the  three-way  cock  with  the  cylinder, 
and  some  200  or  300  c.c.  of  air  were  driven  through  it  from  the  cylinder 
by  the  pressure  of  the  water  in  the  receiver;  the  iron  tube  was 
now  stoppered  on  the  opposite  side  by  a  short  rubber-tube  and 
pinch -cock.  The  mercury  in  the  eudiometer  was  next  let  out  at  the 
bottom  until  a  sufficient  diminution  of  pressure  had  been  obtained  to 
aspire  the  requisite  volume  of  air  from  the  cylinder.  This  air  was 
admitted  from  the  cylinder  while  under  pressure,  and  taken  into  the 
eudiometer  by  aspiration,  so  that  the  effect  produce^  was  that  of  a 
piston  driving  the  hydrogen  before  it,  and  giving  it  no  time  to  diffuse 
out  of  the  instrument.  The  height  of  the  mercury  was  now  adjusted 
in  both  limbs  by  pouring  in  mercury,  or  letting  it  out  at  the  bottom, 
and  finally  the  reading  was  taken  and  recorded.  The  air  and  hydro- 
gen were  now  thoroughly  mixed  by  fitting  an  india-rubber  syringe 
^o  the  open  end  of  the  eudiometer  and  pressing  it  with  the  hand ;  a 
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snccession  of  pressnres  soon  effected  a  perfect  mixture.  The  mixture 
was  exploded  as  usual  with  a  battery,  when  but  little  commotion  was 
prodaced.  Then  mercmy  was  added  through  the  open  limb,  and  the 
level  adjusted  in  the  two  limbs  ;  a  very  short  time  sufficed  to  ensure 
no  further  contraction  or  dilatation,  and  then  the  height  of  the 
mercury  was  read  off.  In  the  calculation  of  the  analyses  a  slight 
correction  was  introduced,  from  the  increased  temperature  of  the 
water  in  the  jacket  owing  to  the  flash. 

This  method  proved  extremely  convenient  and  reliable.  An 
experiment  could  be  commenced  in  the  afternoon,  say  4  o'clock  ;  the 
oombination  with  barium  hydrate  for  the  determination  of  GO3  was 
effected  immediately  after  the  air  had  been  expired,  and  the  turbid 
fluid  left  till  the  following  morning  for  titration.  Next,  air  was  drawn 
into  another  cylinder  by  displacement  with  water,  shaken  with  a  solu- 
tion of  barium  hydrate  for  about  12  minutes,  and  then  the  cylinder 
was  placed  on  the  stand  for  the  determination  of  the  oxygen  in  the 
air  it  contained.  Fresh  hydrogen  was  prepared  for  each  experiment, 
and,  as  stated  before,  it  was,  in  nearly  every  case,  tested  with  atmo- 
spheric air  before  being  used. 

The  calculations  of  the  analyses  were  made  as  follows  :  the  volume 
of  the  air  expired,  amounting  to  about  36  litres,  was  reduced  to  the  dry 
state,  0®  C,  and  760  mm.  pressure.  This  was  done  very  rapidly  by 
means  of  the  Table  I  have  constructed  for  the  purpose.*  Then  the 
volume  of  CO2  present  was  easily  obtained  from  the  weight  of  this 
pras  found  in  the  analysis.  Next.,  the  volume  of  GO3  was  subtracted 
from  the  volume  of  air  expired,  and  the  oxygen  calculated  on  the  re- 
duced volume.  With  these  data  concerning  the  volume  of  air  expired, 
a  Table  was  constructed,  of  which  the  following  is  an  illustration  : — 

Table  Illustrating  the  Results  of  an  Experiment. 


Volume  air  inspired. 

Volume  air  expired. 

83259 

100 

1 
1 

33008 

100 

CO5.. 
0... 

1 . .  •         30  c.c 

0-09 
20-93 

78-98 

1     CO2. 
0... 

1885  c.c 

. . . .     4855  „     

. . . .    26268  „     

5-71 

U-71 

.   79-58 

m  m   »  m             0«70X                        «•••••«• 

N  .. 

.  • . .   26268   ,1     .....••• 

83259 

100 

1 

1 

33008 

100 

Volume  oxjgen  consumed 2106  c.c 

Volume  carbonic  acid  produced 1855  „ 

Batio  of  oxygen  consumed  to  OO3  produced 0*881 

Volume  oxygen  absorbed. .  ...••.... 251  c.c 


*  'Fhil.  Trans.,' J 890. 
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Volume  oxygen  absorbed  per  minute 89*6  c.c. 

Volume  oxygen  absorbed  per  100  air  inspired 0*75        „ 

Volume  oxygen  absorbed  per  100  O  inspired 3*61  „ 

Weight  oxygen  consumed  per  hour 28*60  grams. 

Weight  oxygen  consumed  per  kilo,  weight  of  body  ....  0"416      „ 

Weight  COj  expired  per  minute :....•..  0*577  „ 


The  volume  of  air  inspired  was  calculated  from  the  nitrogen  found 
in  the  air  expired,  and  this  is  one  of  the  main  features  of  the  present 
paper.  A  number  of  experiments  were  undertaken  to  try  if  any 
accurate  determination  could  be  made  of  the  air  inspiired  and  expired 
by  filling  a  counterpoise  bell-jar  with  a  measured  volume  of  air,  in- 
spiring this  air  through  the  nose  and  expiring  it  into  an  empty 
bell-jar  through  the  mouth.  The  plan,  however,  did  not  prove  suc- 
cessful, and  it  was  found  impossible  by  this  means  to  determine  with 
a  sufficient  degree  of  accuracy  thjB  differences  of  volumes  between  the 
air  inspired  and  expired.  It  then  occurred  to  me  that  the  volume  of 
nitrogen  found  in  air  expired  might  afford  a  means  of  determininfj^ 
the  volume  of  air  inspired.  According  to  one  of  the  results  obtained 
from  Regnault  and  Reiset*s  experiments  there  is,  under  ordinary  cir- 
cumstances, a  trifling  amount  of  nitrogen  exhaled  from  the  blood  in 
the  process  of  respiration.  The  volume  of  this  gas  is,  however,  so 
Bmall  that  its  mean  proportion  in  dogs  fed  with  meat  was  only  found 
to  amount  to  the  00066  part  of  the  oxygen  consumed.  This  means 
from  11  to  13  c.c.  in  1800  or  2000  c.c.  of  oxygen  consumed 
and  in  about  33,000  c.c.  of  air  breathed,  a  figure  so  low  that, 
practically,  the  nitrogen  exhaled  may  be  ignored  in  the  calcula- 
tion of  the  analyses.  I  have  entered  the  correction  in  some  of  the 
calculations,  and  it  altei*8  the  volume  of  oxygen  consumed  by  about 
0*6  per  cent.,  and  that  of  the  oxygen  absorbed  by  1  or  1*5  per  cent. 
These  corrections  are  so  small  that  I  have  not  thought  it  worth  while 
to  make  them,  and  the  nitrogen  has  been  taken  as  the  same  in  the  air 
expired  and  inspired. 

It  was  now  easy  to  calculate  the  volume  of  air  inspired.  This 
volume  consisted  of  the  atmospheric  carbonic  acid,  oxygen,  which 
was  taken  in  the  proportion  of  20*93  per  cent.,  and  nitrogen.  The 
atmospheric  carbonic  acid  was  determined  in  every  experiment 
by  Pettenkofer's  method  ;  it  ranged  from  5  to  10  parts  in  10,000.  In 
the  course  of  last  April  an  additional  window  was  made  in  my 
laboratory,  which  allowed  of  improved  ventilation. 

Having  prepared  a  table  of  the  constituents  per  cent,  of  the  air 
inspired,  the  volume  of  air  inspired  was  calculated  as  follows  : — The 
nitrogen  (per  cent.)  in  the  air  inspired  is  to  100,  so  is  the  nitrogen  in 
the  air  expired  to  the  volume  of  air  inspired.  The  volume  of  air  in- 
spired is  thus  obtained  with  much  greater  accuracy  than  by  any 
experimental  method,  as  the  nitrogen  must  invariably  exhibit  the 
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same  pToporiion  whatever  the  Tolame  of  air  expired.  By  this  means 
the  results  obtained  for  the  volames  of  oxygen  comumed  and  ahsorhed^ 
which  are  the  main  objects  of  the  present  enqniry,  are  thoroughly 
reliable. 

The  experiments  are  made  on  two  different  persons,  and  show  that 
not  only  the  carbonic  acid  expired  within  a  given  time  but  also  tbe 
oxygen  consumed  varies  according  to  individuals.  The  subjects  of  these 
experiments  are  well  suited  to  show  *'  extremes  "  as  to  the  function  of 
respiration,  one  of  them  being  63  years  of  age  and  the  other  21,  both 
in  perfect  health. 

Twelve  experiments  were  made  in  both  cases,  six  while  under  the 
influence  of  food  and  six  while  fasting.  No  experiments  were  made 
ander  extreme  fasting.* 

On  considering  the  Tables,  the  composition  per  cent,  of  the  air 
expired  is  observed  to  alter  but  little.  In  my  case  the  CO3  varies 
from  4-53  to  514. 

The  proportion  of  oxygen  was  very  constant,  ranging  also  with  me 
from  15-30  to  16*0. 

The  volumes  of  oxygen  consumed  represented  the  volumes  of 
oxygen  the  body  took  up,  on  one  hand  for  the  combustion  and 
elimination  of  carbon  in  the  form  of  carbonic  acid,  on  tbe  other,  for 
the  probable  elimination  of  tissues  in  the  form  of  crystalloid  com- 
pounds. The  relations  between  the  oxygen  consumed  and  the 
carbonic  acid  produced  varied  in  my  case  between  0*816  and  0*912 
with  a  mean  of  0*863. 

The  proportion  of  the  oxygen  consumed  which  is  dbsorhed  is  easily 
found  by  subtracting  the  volume  of  COs  produced  from  the  total  volume 
of  oxygen  consumed.  This  volume  has  been  expressed  as  absorbed  per 
minute,  a  result  obtained  by  dividing  the  figure  found  by  the  number 
of  minutes  and  seconds  the  experiment  lasted.  The  volumes  ab- 
sorbed per  minute  varied  in  my  case  from  21*3  to  42*8  c.c,  with  a 
mean  of  33*0  c.o. ;  this  was  equal  to  2*83  grams  of  oxygen  absorbed 
per  hour.  It  may  be  concluded  that  this  absorption  of  oxygen  is  an 
important  factor  towards  the  phenomena  of  nutrition. 

The  proportion  of  oxygen  absorbed  in  my  case  for  100  parts  of  air 
inspired  exhibits  a  mean  of  0*74  psrt,  and  varies  from  0*44  to 
1*03.  This  does  not  tigree  with  the  volume  of  oxygen  usually  con- 
sidered as  absorbed,  amounting  to  about  2  per  cent.  The  correspond- 
ing proportion  for  the  experiments  on  Mr.  Russell  will  be  found  nearly 
exactly  that  obtained  for  myself,  and  I  must  conclude  that  0*74 
per  cent.,  or  a  closely  approximating  figure,  shows  the  propKirtion  of 
the  air  inspired  (in  the  form  of  oxygen)  which  remains  in  the 
blood,  and  consequently  does  not  reappear  in  the  corresponding  air 

*  8m  Ikblea  accompanying  this  paper. 
VOL.   h,  -9 
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expired.    The  mean  proportion  of  oxygen  absorbed  in  the  oaygm 
inspired  amounted  to  3*57  per  cent. 

The  weight  of  ozjgen  consumed  per  hour  varies  according  to  the 
person  under  experiment,  and  also  in  relation  to  the  lapse  of  time 
after  the  ingestion  of  food.  It  ranged  in  my  case  from  19*75  grams 
to  2202 ;  and  per  kilo,  weight  of  my  body,  from  0%338  to  0376 
gram.  This  is  a  much  smaller  proportion  than  that  given  for 
animals  either  by  Begnaalt  and  Beiset  or  Chapman  and  Brubacker. 

Influence  of  Food. — Food,  in  my  case,  at  a  mean  time  of  2  boors 
and  16  minutes  after  its  ingestion,  exerted  apparently  no  effect  on  the 
proportions  of  GOs,  0,  and  N  expired,  as  they  were  nearly  exactly 
the  same  in  both  cases. 

The  ratio  between  the  oxygen  consumed  and  GOs  produced  exhibited, 
in  my  case,  a  decided  tendency  to  fall  while  under  the  fasting  state, 
the  figures  obtained  being  0*870  while  under  the  inflaence  of  food, 
and  0*850  while  fasting. 

The  volumes  of  oxygen  absorbed  were  much  the  same  in  both 
cases,  although  exhibiting  a  tendency  to  rise  while  fasting. 

The  differences  between  the  proportions  of  oxygen  absorbed  in  100 
volumes  of  air,  or  100  of  oxygen,  under  the  influence  of  digestion  or 
iasting  are  inappreciable. 

There  is  a  decided  excess  in  the  weight  of  oxygen  consumed  under 
the  influence  of  food  over  that  consumed  fasting ;  the  figures  being 
21*37  grams  after  food,  and  20*26  grams  fasting. 

The  weight  of  GOa  expired  per  minute  varies  as  usnal  according 
to  the  inflaence  of  food,  and  calls  for  no  comment. 

Mr.  Russell  also  submitted  to  twelve  experiments,  six  made  at  f^ 
mean  time  of  two  hours  after  a  meal,  and  six  while  fasting,  or  at  » 
mean  time  of  four  hours  and  twenty-three  minutes  after  food.  Th9 
proportions  per  cent,  of  GOs,  0,  and  N  expired  are  much  alike  io. 
every  experiment,  varying  as  follows  : — C0«,  5*38  to  5*96 ;  O,  14*39 
to  15*26 ;  N,  79'36  to  79-92.  The  ratio  of  oxygen  consumed  to  C0» 
produced  varies  from  0*818  to  0*923,  with  a  mean  of  0*878,  This 
closely  approximates  the  corresponding  means  obtained  in  my  own 
case,  amounting  to  0*863,  which,  however,  is  slightly  lower.  The 
next  figures  in  the  table,  showing  the  proportion  of  oxygen  con- 
Bumed  on  100  of  air  and  100  of  0  breathed,  give  means  very  nearly 
the  same  as  when  I  submitted  to  experiment. 

The  weights  of  oxygen  consumed  per  hour,  25*98  grams,  and  per 
kilo,  of  body  weight  per  hour,  0*380,  are  decidedly  higher  than  in  my 
case.  Mr.  Russell  also  expired  a  greater  weight  of  CO3  per  minute 
than  I  did,  showing  greater  activity  in  the  process  of  nutrition — a 
phenomenon  probably  due  to  youth. 

The  influence  of  digestion  and  fasting  shows  no  alteration  in  the 
proportiona  oi  CO^,  O,  and  N  expired.     The  difference  in  the  ratio 
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between  0  consumed  and  CO2  produced  is  barely  perceptible, 
although  exhibiting  a  slight  tendency  to  fall  while  fasting.  The  pro- 
portions of  oxygen  absorbed  in  100  of  air  and  oxygen  inspired  are 
much  the  same  under  the  influence  of  food  and  fasting. 

The  main  effect  produced  on  Mr.  Russell  by  the  ingestion  of  food 
and  fasting  is  to  be  found  in  the  weight  of  oxygen  consumed  per 
hour,  which  falls  from  28*66  grams  under  the  influence  of  food  to 
23*30  when  fasting,  and  per  kilo,  weight  from  0*417  gram  to  0*330 
gram.  There  is  also,  when  fasting,  a  considerable  reduction  of 
weight  of  the  COi  expired  per  minute  (0*578  gram  to  0*468  gram). 

The  results  obtained  from  the  present  investigation  of  the  inter- 
change of  gases  in  the  respiratory  process  of  man  may  be  summed  up 
as  follows : — 

I.  The  percentage  of  GOj,  0,  and  N  in  the  air  expired  alters 
according  to  the  person  under  experiment,  but  in  every  CB,^e 
the  proportions  of  each  gas  vary  but  slightly  up  to  a  period 
of  about  four  hours  and  a  half  after  the  mid-day  meal,  a  result 

I  had  formerly  obtained  for  COj. 

2.  The  ratio  between  the  oxygen  consumed  and  the  carbonic  acid 

produced  exhibited  a  mean  of  0*871  for  two  persons  and 
twenty-four  experiments.  This  is  nearly  the  same  figure  as 
that  obtained  by  Messrs.  Jolyet,  Bergenia,  and  Sigalas— 0*868, 
and  a  marked  approximation  to  0*90,  the  corresponding  ratio 
given  for  rabbits  by  Messrs.  Chapman  and  Brubacker. 

3.  The  mean  volame  of    oxygen  absorbed  per  minute  was   very 

nearly  the  same  for  the  two  persons,  and  amounted  to  a  total 
mean  of  34*3  c.c.  on  twenty -four  experiments.  This  would  be 
equal  to  2*94  grams  of  oxygen  absorbed  per  hour. 
4-  The  mean  volume  of  oxygen  absorbed  in  relation  to  the  air 
inspired  proved  nearly  the  same  in  both  persons  submitted  to 
experiment,  and  amounted  to  0*75  per  cent.  A  similar  remark 
applies  to  the  proportions  of  oxygen  absorbed  to  the  oxygen 
inhaled ;  the  figures  are  36*9  in  one  case,  and  3*55  in  the  other, 
with  a  mean  of  3*63. 

5.  The  mean  weight  of  oxygen  consumed  per  hour  varied  with  each 

person  submitted  to  experiment,  amounting  to  20*81  gleams  in 
the  older  and  26*09  in  the  younger  man.  The  corresponding 
figures  per  kilo,  of  body  weight  were  0*355  gram  and  0*380 
gram. 

6.  The  weight  of  carbonic   acid  expired  per   minute  is  notably 

higher  in  the  younger  man,  and  corresponds  approximately  to 
proportionally  increased  amoant  of  oxygen  consumed. 

The  elaborate  investigation  of  Messrs.  Hanriot  and  Bi\c\\et,  c«b\\^  Iot 
ft  few  remarks. 
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The  mean  ventilation  of  tlie  Inngs,  Bj  which  expression  I  oon- 
clnde  Messrs.  Hanriot  and  Richet  mean  the  snm  of  the  air 
inspired  and  expired,  amounts,  according  to  these  authors,  to  10  litres 
of  air  per  kilo,  weight  of  the  bodj  per  hour.  This  result  agrees, 
within  certain  limits,  with  those  T  have  obtained.  The  sum  of  the  air 
inspired  and  expired  in  each  experiment  gives,  in  my  case,  a  maximum 
of  9*94  litres  per  kilo,  weight  per  hour,  and  a  minimum  of  8*33  litres, 
with  a  mean  of  9*12  litres,  which  is  near  to  Messrs.  Hanriot  and 
Bichet's  figure  of  10  litres.  Mr.  RnsselPs  mean  pulmonary  ventila- 
tion is  decidedly  less  than  mine,  and  lower  than  the  figure  obtained 
by  the  French  authors,  amounting  to  a  maximum  of  9*51  litres  and  a 
minimum  of  6*87  litres,  the  mean  being  8*13  litres.  It  is  therefore 
obvious  that  the  pulmonary  ventilation  varies  per  kilo,  weight  of 
body,  according  to  different  people.  Messrs.  Hanriot  and  Richet 
apparently  experimented  only  on  a  single  person. 

The  volume  of  carbonic  acid  in  100  of  expired  air  appears  decidedly 
low  in  Messrs.  Hanriot  and  Richet*s  experiments,  amounting  to  a 
mean  of  3*30.  In  the  experiments  which  form  the  subject  of  the 
present  paper,  the  corresponding  proportion  varied,  for  myself 
between  4*53  and  5*14,  and  for  Mr.  Russell  between  5*38  and  5*90. 
These  proportions,  to  which  1  have  drawn  attention  in  former  com- 
munications, vary  not  only  with  different  individuals,  but  with  the 
same  person  under  different  circumstances.  The  relation  between 
the  oxygen  consumed  and  CO2  produced  is  decidedly  smaller  in  Messrs. 
Hanriot  and  Richet's  experiments  than  in  my  own ;  those  gentlemen 
find  the  mean  relation  in  question  to  be  0*78,  while  the  mean  from 
my  experiments  on  two  different  persons  yield  0*871. 

The  second  pare  of  the  present  communication  deals  with  the  respira- 
tion of  air  containing  from  2' 5  to  4  per  cent,  of  carbonic  acid.  The 
mixture  was  made  by  introducing  carbonic  acid,  prepared  from  marble 
and  hydrochloric  acid,  into  a  certain  volume  of  air  drawn  into  one  of 
the  bell- jars.  The  mixture  was  first  of  all  analysed  for  the  determination 
of  the  CO3  it  contained,  and  then  it  was  inspired  through  the  nose, 
by  means  of  a  well -fitting  nose-piece,  and  expired  into  the  other 
bell-jar  through  the  mouth.  The  first  five  or  six  inspirations  were 
used  for  rinsing  out  the  lungs  and  the  bell-jar,  and  were  driven 
out  of  the  second  bell- jar  through  a  X*pi®^®»  "w^bile  the  person 
under  experiment  was  expiring  into  the  open  air;  this  was  easily 
effected  by  means»  of  the  three-way  stop-cock ;  then  the  stop-cock 
was  again  turned,  and  the  expired  air  collected  in  the  bell-jar  while 
the  time  was  taken.  The  effects  produced  were  a  sensation  of  want 
of  air  and  a  considerable  increase  in  the  volume  of  air  breathed  per 
minotc.  The  air  expired,  during  a  period  of  from  2  to  4  minutes, 
was  collected  for  experiment ;  but  the  breathing  of  the  air  and  COs 
fvas  carrieH  on  altogether  for  4  or  5  minuter.    No  lasting  ill  effects 
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were  prodaced  on  eitber  of  as.     I  Babmitted  to  three  BXperimentB  and 
Mr,  KnSBell  to  two. 

These  ezperunents  (with  one  exception)  were  nndert&ken  at  the 
Mine  time  as  others  made  with  fresh  air,  thongh  &bont  an  hour  later, 
and  references  are  entered  in  tho  following  table  in  order  that  the 
corresponding  experiments  may  be  compared  with  each  other. 


Air  Breathed  containing  an  excess  of  Carbonio  Acid. 
Dr.  Marcet  under  experiment. 


£iperimeDt  I. 

Kiperiraent  II. 

Experiment  III. 

S-53  per  cent.  CO, 

3-M  pef  ™ot.  CO, 

4  06  per  cent.  CO, 

unpired. 
Time    »fter    food, 

inured. 

!n.pired. 

Time    alter    foot), 

Tima    after    food. 

2»46-. 

3»S5-. 

2»80-. 

Leb.  temp,,  10=-5. 

L«b.  temp-,  lO'i. 

Ub.  temp..  12°-9. 

Bar.,  768  7. 

Bar.,  766-4. 

B«r.,  76-i-7. 

1 

On  100  eipired. 

On  100  eipircd. 

On  100  eipired. 

CO, 

6-Stl 

fi-26    ~1 

6-^9    1 

,0.. 

16  14 

77-98 

16  21 

77 '56 

1 

16 -7S 
76 '03 

^ 

'i. 

;  U 

!ocon.UMed.. 

sas 

1085 

831 

■  CO,  produced. 

C83 

668 

5 

506 

IfeWion 

0-738 

0-616 

"-3 

0  (308 

1^ 

Osbwrbedper 

0  c 

=i*5 

;     minat^ 

71 

112 

11 

137 

K-S 

Oalmorbcdoa 

'     100    air    in- 

.  1 

!     .pi"d 

1  16 

1-63 

1-39 

'u 

"  .g 

1     100     0     in- 

6-71 

8-08 

6'90 

3.1 
11 

:     sumed       per 

,     hour....". 

23-31 

25,11 

27  81 

1 

Weight  0  pep 

;     ho«  per  kilo. 

0  398 

0-429 

0-47C 

Weight      CO, 

i 

1     expired     pep 

•""""* 

0-393 

o*sr>4  _, 

0-383  , 

Dr.  Mttroet    Abtorptum  of  Omi/gm  tmd 

Mr.  Bnasell  under  experimsnt. 
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Eipanment  I. 

Shoon   ~\ 
lOP-a 

76B-5 

1 

11 

ir 

Shoun   ~1 

16-7 

764-0 

■|-B 

11 

|.i 

If 

II 
J1 

On  100  purti  air  sipired. 
CO,                   . 

6Ba 

16-90 
77-48 

6-54 
15-BO 

77  ee 

O 

N 

1073 

0  508 
141  0^. 
1H2 
B'03 
30  ne 

0-44O 

1079 
679 
0'5S7 
170  C.C. 

a  15 

10  70 
81-64 
0'4G0 
0-389      J 

O  abaorbed  per  liX)  air  eipired  .... 

O  absorbed  per  lOOOcipired 

Weight  O  coifumed  p*r  hour 

On  a  consitleration  of  the  foregoing  tables  it  will  be  seen  tbat  the 
COj  expired  (per  nent.  of  air  expired)  doea  not  represent  the  CO, 
exhaled  From  the  blood,  bat  the  figure  is  mnch  higher,  as  it  inclndee 
tho  CO]  iuflpired,  which  is  expired  together  with  the  proportion 
exhaled.  Tlie  Tolume  of  CO,  actually  exhaled  from  the  blood  cau 
be  calculated  by  subtracting  the  proportion  of  OOi  in  the  air 
inspired  from  the  corresponding  proportion  of  COj  in  the  air  expired. 
The  volumes  of  CO,  actoally  found  in  the  expired  air  hare  not  been 
entered  in  the  following  table  (p.  71),  but  the  figures  represent  these 
volumes  less  the  corresponding  proportions  of  CO,  in  the  air  inspired, 
and  they  show  that  the  CO,  actually  exhaled  from  the  blood  is  very 
uinuh  less  than  in  ordinary  respiration. 

It  will  theitfoi-e  be  observed  that  nearly  half  the  CO,  which  would 
have  been  expired  in  natural  breathing  has  been  retained  in  the 
body.  Of  course  this  is  assuming  tbat  no  CO,  has  been  absorbed 
directly  at  tlio  lungs.  Hence  there  must  be  a  very  great  accumula- 
tion of  COi  in  the  blood  when  air  contaiuing  CO]  is  iniipircd. 

It  folIowH  from  this  inquiry  on  the  respiration  of  air  containing 
from  25  to  4  per  cent,  of  CO, — 

Ist.  That  the  proportion  of  oxygen  in  I0()  of  air  expired  exhibits 
a  alight  inci-ease  beyond  its  proportion  iu  ordinary  breathing. 

2nd.  That  the  relation  between  the  oxygen  consumed  and  CO,  pro- 
duced is  very  mnch  smaller  than  in  ordinary  respiration,  amountinp- 
to  a  mean  of  0-654  for  myself  and  0-567  for  Ur.  Rnesell,  agaioat  a 
total  mean  of  0*871  for  both  of  us  in  ordinary  breathing. 
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Percentage  CO2  expired 
in  ordiiuurj  breathing. 


L   512 

2    612« 

3 614 


Meaiu...   5*13 


'    1. 
2. 


Means 


5*69 
5*51 

5*60 


Percentage  COj  in  air 
inspired. 


3*54 
2-53 
4-06 


Percentage  GO2  exhaled 

from  blood  when 
breathing  air  and  CO). 


3-38 


Mr.  Bussell. 

3-79 
3-91 


8-91 


2*66 
3*32 
2  17 

2  72 


2-76 
2-55 

2-65 


3rd.  That  the  volume  of  oxygen  absorbed  per  minute  in  greatly 
increased,  mj  own  mean  amounting  to  103  c.c,  and  Mr.  BusselFs 
to  155  C.C.,  instead  of  32*2  in  my  case  and  37*5  in  the  other. 

4th.  That  the  proportioQs  per  cent,  of  oxygen  absorbed  in  the  air 
inspired  are  increased  in  both  c&ses  to  a  mean  of  1*39  against  0*66, 
and  to  a  mean  of  1*98  against  0*75  in  ordinary  breathing.  A  corre- 
sponding increase  is  observed  in  the  proportion  of  oxygen  absorbed  to 
the  oxygen  inspired. 

6th,  That  the  weight  of  oxygen  consumed  by  the  body  per  hour  is 
considerably  increased,  amounting  to  a  mean  in  my  case  of  25'42 
grams,  against  21'37  grams,  and  with  Mr.  Russell  of  30*95  grams 
against  28'66  in  ordinary  breathing. 

6th.  That  the  weight  of  carbonic  acid  expired  per  minute  is  con- 
siderably reduced,  amounting  in  my  case  to  a  mean  of  0'378  instead 
of  0*430,  and  with  Mr.  Russell  to  a  mean  of  0*402  instead  of  0*578 
expired  in  normal  respiration. 

These  experiments,  although  but  few  in  number,  suffice  to  show 
that  when  air  is  bi*eathed  containing  from  2*5  to  4  per  cent,  of 
COs  the  amount  of  oxygen  consumed  is  much  greater  than  in 
ordinary  breathing,  while  the  carbonic  acid  expired  is  very  much  less. 
There  must  consequently  remain  in  the  blood  a  considerable  amount 
oi  oxygen  to  be  transformed  into  an  excess  of  COa  besides  the  pro- 
portion required  towards  the  other  functions  of  the  body. 

*  The  analyses  following  fig.  2  do  not  really  correspond,  but  are  made  under 
aimihtf  drcomstances  of  food,  temperature,  &c.,  and  are  therefore  made  to  compare 
with  eaeh  other  in  this  table. 
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June  11,  1891. 

Sir  WILLIAM  THOMSON,  D.C.L.,  LL,D.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

Sir  John  Conroy,  Mr.  Edwin  Bailey  Elliott,  Mr.  Percy  C.  Gilchrist, 
Dr.  William  Dobinson  Halliburton,  Mt*.  John  Edward  Marr,  Mr. 
Imdwig  Mond,  Professor  Silvan  us  Phillips  Thompson,  and  Captain 
Thomas  Henry  Tizard  were  admitted  into  the  Society. 

The  following  Papers  were  read : — 

L  **  On  Some  Test  Cases  for  the  Maxwell-Boltzraann  Doctrine 
regarding  Distribution  of  Energy/'  By  Sir  William 
Thomson,  D.C.L.,  P.R.S.    Received  June  11,  1891. 

1.  Maxwell,  in  his  article  (*  Phil.  Mag.,'  1860)  "  On  the  Collision  of 
Elastic  Spheres,**  enunciates  a  very  remarkahle  theorem,  of  primary 
importance  in  the  kinetic  theory  of  k^^s*  ^  ^^o  effect  that,  in  an 
SMsemblage  of  large  numbers  of  mutually  colliding  spheres  of  two  or 
of  several  different  magnitudes,  the  mean  kinetic  energy  is  the  same 
for  equal  numbers  of  the  spheres  irrespectively  of  their  masses  and 
diameters ;  or,  in  other  words,  the  time-averages  of  the  squares  of  the 
velocities  of  individual  spheres  are  inversely  as  their  masses.  The 
mathematical  investigation  given  as  a  proof  of  this  theorem  in  that 
first  article  on  the  subject  is  quite  unsatisfactory ;  but  the  mere  enun- 
ciation of  it,  even  if  without  proof,  was  a  very  valuable  contribution 
to  science.  In  a  subsequent  paper  ('*  Dynamical  Theory  of  Oases," 
*Phil.  Trans.'  for  May,  1866)  Maxwell  finds  in  his  equation  (34) 
(*  Collected  Works,'  p.  47),  as  a  result  of  a  thorough  mathematical 
investigation,  the  same  theorem  extended  to  include  collisions  between 
Boscovich  points  with  mutual  forces  according  to  any  law  of  distance, 
provided  only  that  not  more  than  two  points  are  in  collision  (that  is 
to  say,  within  the  distances  of  their  mutual  influence)  simultaneously. 
Tait  confirms  Maxwell's  original  theorem  for  colliding  spheres  of 
different  magnitudes  in  an  interesting  and  impoi'tant  examination  of 
the  subject  in  §§  19,  20,  21  of  his  paper  *'  On  the  Foundations  of  the 
Kinetic  Theory  of  G^ases  "  ('  Trans.  R.S.B.'  for  May,  1866). 

2.  Boltzroann,  in  his  **  Studien  iiber  das  Oleichgewicht  der  \e>\setv- 
digen  Elraft  zwiachen  hewegten  materiellen  Punkten"   (^^Sv^t>o.  ^, 
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Akad.  Wien/  October  8,  1868),  enunciated  a  large  extension  of  this 
theoi*em,  and  Maxwell  a  still  wider  generalisation  in  Lis  paper  "  On 
Boltzmann's  Theorem  on  the  Average  Distribution  of  Energy  in  a 
System  of  Material  Points  '*  ('  Cambridge  Phil.  Soc.  Trans./  May  6, 
]878,  republished  in  vol.  2  of  Maxwell's  'Scientific  Papers,'  pp. 
713—741),  to  the  following  effect  (p.  716)  :— 

"In  the  ultimate  state  of  the  system,  the  average  kinetic  energy  of 
two  given  portions  of  the  system  must  be  in  the  ratio  of  the  number 
of  degrees  of  freedom  of  those  portions." 

Much  disbelief  and  doubt  has  been  felt  as  to  the  complete  tmth,  or 
the  extent  of  cases  for  which  there  is  truth,  of  this  proposition. 

3.  For  a  test  case,  differing  as  little  as  possible  from  Maxwell's 
original  case  of  solid  elastic  spheres,  consider  a  hollow  spherical 
shell  and  a  solid  sphere — globule  we  shall  call  it  for  brevity — ^within 
the  shell.  1  must  first  digress  to  remark  that  what  has  hitherto  by 
Maxwell  and  Clausius  and  others  before  and  after  them  been  called 
for  brevity  an  ''  elastic  sphere,"  is  not  an  elastic  solid,  capable  of 
rotation  and  of  elastic  deformation ;  and  therefore  capable  of  an 
infinite  number  of  modes  of  steady  vibration,  into  which,  of  finer  and 
finer  degrees  of  nodal  sub-division  and  shorter  and  shorter  periods, 
all  translations!  energy  would,  if  the  Boltzmann-Maxwell  generalised 
proposition  were  true,  be  ultimately  transformed  by  collisions. 
The  '*  smooth  elastic  spheres "  are  really  Boscovich  point-atoms, 
with  their  trauslational  inertia,  and  with,  for  law  of  force,  zero  force 
at  every  distance  between  two  points  exceeding  the  sum  of  the  radii 
of  the  two  balls,  and  infinite  repulsion  at  exactly  this  distance.  We 
may  use  Boscovich  similarly  for  the  hollow  shell  with  globule  in  its 
intenor,  and  so  do  away  with  all  question  as  to  vibrations  due  to 
elasticity  of  material,  whether  of  the  shell  or  of  the  globule.  Let  us 
simply  suppose  the  mutual  action  between  the  shell  and  the  globule 
to  be  nothing  except  at  an  instant  of  collision,  and  then  to  be  such 
that  their  relative  component  velocity  along  the  radius  through  the 
point  of  contact  is  reversed  by  the  collision,  while  the  motion  of  their 
centre  of  inertia  remains  unchanged. 

4.  For  brevity,  we  shall  call  the  shell  and  interior  globule  of  §  3,  a 
double  molecule,  or  sometimes,  for  more  brevity,  a  doublet.  The 
'*  smooth  elastic  sphere  "of  §  3  will  be  called  simply  an  atom,  or  a 
single  atom  ;  and  the  radius  or  diameter  or  surface  of  the  atom  will 
mean  the  radius  or  diameter  or  surface  of  the  corresponding  sphere. 
(This  explanation  is  necessary  to  avoid  an  ambiguity  which  might 
occur  with  reference  to  the  common  expression  '*  sphere  of  action  "  of 
a  Boscovich  atom.) 

5.  Consider  now  a  vast  number  of  atoms  and  doublets,  enclosed  in 
a  perfectly  rigid  fixed  surface,  having  the  property  of  reversing  the 
normal  component  velocity  of  approach  of  any  atom  or  shell  or  doublet 
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at  the  instant  of  contact  of  surfaces,  while  leaving  unchanged  the 
absolute  velocitj  of  the  centre  of  inertia  of  the  two.    Let  any  velocity 
or  velocities  in  any  direction  or  directions  be  given  to  any  one  or  more 
of  the  atoms  or  of  the  shells  or  globnles  constituting  the  doublets. 
According  to  the  Boltzmann^Maxwell  doctrine,  the  motion  will  become 
distributed  through  the  system,  so  that  ultimately  the  time-average 
kinetic  energy  of  each  atom,  each  shell,  and  each  globule  shall  be  equal ; 
and  therefore  that  of  each  doublet  double  that  of  each  atom.     This  is 
certainly  a  very  marvellous  conclusion ;  but  I  see  no  reason  to  doubt 
it  on  that  account.     After  all,  it  is  not  obviously  more  marvellous 
than  the  seemingly  well  proved  conclusion,  that  in  a  mixed  assemblage 
of  colliding  single  atoms,  some  of  which  have  a  million  million  times 
the  mass  of  others,  the   smaller  masses  will  ultimately  average  a 
million  times  the  velocity  of  the  larger.     But  it  is  not  included  in 
Max  well's  proof  for  single  atoms  of  different  masses  [(34)  of  his 
*'  Dynamical  Theory  of  Grases  "  referred  to  above]  ;  and  the  condition 
that  the  globules  enclosed  in  the  shells  are  prevented  by  the  shells 
from  collisions  with  one  another  violates  Tait's  condition  [(C)  of 
§  18  of  "Foundations  of  K.T.  Gases"],  "that  there  is  perfectly  free 
access  for  collision  between  each  pair  of  particles  whether  of  the 
same  or  of  different  systems."     An  independent  investigation  of  snch 
a  simple  and  definite  case  as  that  of  the  atoms  and  doublets  defined 
in  §§  3 — 5  is  desirable  as  a  test,  or  would  be  interesting  as  an  illus- 
tration were  test  not  needed,  for  the  exceedingly  wide  generalisation 
set  forth  in  the  Boltzmann-Maxwell  doctrine. 

6.  Next,  instead  of  only  a  single  globule  within  the  shell  of  §  4, 
let  there  be  a  vast  number.  To  fix  ideas  let  the  mass  of  the  shell  be 
equal  to  a  hundred  times  the  sum  of  the  masses  of  the  globules,  and 
let  the  number  of  the  globules  be  a  hundred  million  million.  Let 
two  such  shells  be  connected  by  a  push-and-puU  massless  spring. 
Let  all  be  given  at  rest,  with  the  spring  stretched  to  any  extent ;  and 
then  left  free.  According  to  the  Boltzmann-Maxwell  doctrine,  the 
motion  produced  initially  by  the  spring  will  become  distributed 
through  the  system,  so  that  ultimately  the  sum  of  the  kinetic 
energies  of  the  globules  within  each  shell  will  be  a  hundred  million 
million  times  the  average  kinetic  energy  of  the  shell.  The  average 
velocity*  of  the  shell  will  ultimately  be  a  hundred-millionth  of  tJie 
average  velocity  of  the  globules.  A  corresponding  proposition  in  the 
kinetic  theory  of  gases  is  that,  if  two  rigid  shells  each  weighing 
1  gram,  and  containing  a  centigram  of  noonatomic  gas,  be  attached  to 
the  two  prongs  of  a  massless  perfectly  elastic  tuning  fork,  and  set  to 
vibrate,  the  gas  will  become  heated  in  virtue  of  its  viscous  resistance 

•  The  "  average  velocity  of  a  particle,"  irrespectively  of  direction,  \&  (jxi  \.\v^ 
kinefeio  theoiy  of  gases)  a  convenient  expression  for  the  square  root  ol  \i\ie  XiVmi^- 
iverage  of  tfaa  Mqmuv  ofiim  relooity, 
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to  the  vibration  excited  in  it  by  the  vibration  of  the  shell,  nntil  nearly 
all  the  initial  energy  of  the  tuning  fork  is  thns  spent. 

7.  Groing  back  to  the  doable  molecules  of  §  5,  suppose  the  internal 
globule  to  be  so  connected  by  massless  springs  with  the  shell  that  the 
globule  is  urged  towards  the  centre  of  the  shell  with  a  force  simply 
proportional  to  the  distance  between  the  centres  of  the  two.  This 
arrangement,  which  I  gave  in  my  Baltimore  Lectures,  in  1884,  as  an 
illustration  for  vibratory  molecules  embedded  in  ether,  would  be 
equivalent  to  two  masses  connected  by  a  massless  spring,  if  we  had 
only  motions  in  one  line  to  consider ;  but  it  has  the  advantage  of 
being  perfectly  isotropic,  and  giving  for  all  motions  parallel  to  any 
fixed  line  exactly  the  same  result  as  if  there  were  no  motion  perpen- 
dicular to  it.  When  a  pair  of  masses  connected  by  a  spring  strikes  a 
fixed  obstacle  or  a  movable  body,  with  the  line  of  their  centres  not 
exactly  perpendicular  to  the  tangent  plane  of  contact,  it  is  caused  to 
rotate.  No  such  complication  affects  our  isotropic  doublet.  An 
assemblage  of  such  doublets  being  given  moving  about  within  a 
rigid  enclosing  surface,  will  the  ultimate  statistics  be,  for  each 
doublet,*  equal  average  kinetic  energies  of  motion  of  centre  of  inertia, 
and  of  relative  motion  of  the  two  constitaents  P 

*  This  implies  equal  arerage  kinetic  energies  of  the  two  constituents ;  and,  oon- 
verselj,  equal  ayerage  kinetic  energies  of  the  two  constituents,  except  in  the  case  of 
their  masses  heing  equal,  implies  the  equality  stated  in  the  text.  Let  ti,  u'  be  abso- 
lute component  yelocities  of  two  masses,  m,  m\  perpendicular  to  a  fixed  plane ; 
XT  the  corresponding  component  Telocity  of  their  centre  of  inertia;  and  r  thai 
of  their  mutual  relative  motion.     We  have 

whence  mi.«-m'«'«  -  {m-m')  ru«--r^-^'|  - i^l  Ur (2), 

Now  suppose  the  time-ayerage  of  Ur  to  be  zero.  In  eyerj  case  in  which  this  is 
so  we  haye,  by  (2), 

Time-ay.  jwMi'-m'ft'^l  =  (m-m')  x  Time-av.  |  IP-    ^^'^]\  ....    (3). 

Hence  in  any  case  in  which 

Time-ay.  mit'  =*  Time-ay.  m'«''  • (4J 

we  haye  (m— mO  x  Time-ay.  •<  U'— 7 tvi  ?•  «  0 (6). 

and  therefore,  except  when  m  »  m',  we  must  have 

Time-ay.  (m  +  mOU«  -  Time-ay.  ^^'^. (6). 

which  proves  the  proposition,  because,  as  we  readily  see  from  (1),  \mm'f^l{m'¥m') 
(3,  in  every  case,  the  kinetic  energy  of  the  relatiye  motions,  ti — U,  and  U— ti'. 
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8.  If  we  try  to  answer  this  question  synthetically,  we  find  a  com- 
plex and  tronblesome  problem  in  the  details  of  all  bat  the  very  simplest 
case  of  cx)llision  which  can  occar,  which  is  direct  collision  between  two 
not  previonsly  vibrating  doublets,  or  any  collision  of  one  not  previously 
vibrating  doublet  against  a  fixed  plane.  In  this  case,  if  the  masses 
of  globule  and  shell  are  equal,  a  complete  collision  consists  of  two 
impacts  at  an  interval  of  time  equal  to  half  the  period  of  free  vibration 
of  the  doublet,  and  after  the  second  impact  there  is  separation  without 
vibration,  just  as  if  we  had  bad  single  spheres  instead  of  the  doublets. 
But  in  oblique  collision  between  two  not  previously  vibrating  doublets, 
even  if  the  masses  of  shell  and  globule  are  equal,  we  have  a  somewhat 
troublesome  problem  to  find  the  interval  between  the  two  impacts, 
when  there  are  twOy  and  to  find  the  final  resulting  vibration.  When 
the  component  relative  motion  parallel  to  the  tangent  plane  of  the  first 
impact  exceeds  a  certain  value  depending  on  the  radius  of  the  outer 
surface  of  the  shell,  the  period  of  free  vibration  of  the  doublets,  and 
the  relative  velocity  of  approach ;  there  is  no  second  impact,  and  the 
doublets  separate  with  no  relative  velocity  perpendicular  to  the  tangent 
plane,  but  each  with  the  energy  of  that  component  of  its  previous  motion 
converted  into  vibrational  energy.  When  the  mass  of  the  shell  is  much 
smaller  than  the  mass  of  the  interior  globule,  almost  every  collision 
will  consist  of  a  large  number  of  impacts.  It  seems  exceedingly 
difficult  to  find  how  to  calculate  true  statistics  of  these  chattering 
coUisions,  and  arrive  at  sonnd  conclusions  as  to  the  ultimate  distribu- 
tion of  energy  in  any  of  the  very  simplest  cases  other  than 
Maxwell's  original  case  of  I860;  but,  if  the  Boltzmann-Maxwell 
generalised  doctrine  is  true,  we  ought  to  be  able  to  see  its  truth  as 
essential,  with  special  clearness  in  the  simplest  cases,  even  without 
going  through  the  full  problem  presented  by  the  details.  I  can  find 
nothing  in  Maxwell's  latest  article  on  the  subject  ('  Camb.  Phil. 
Trans.,'  May  6,  1878),  or  in  any  of  his  previous  papers,  proving  an 
affirmative  answer  to  the  question  of  §  7. 

9.  Going  back  to  §  6,  let  the  globules  be  initially  distributed  as 
nearly  as  may  be  homogeneously  through  the  hollow ;  let  each  globule 
be  connected  with  neighbours  by  massless  springs ;  and  let  all  the 
globules  which  are  near  the  inner  surface  of  the  shell  be  connected 
with  it  also  by  massless  springs.  Or  let  any  number  of  smaller 
shells  be  enclosed  within  our  outer  shell,  and  connected  by  massless 
springs  as  represented  by  the  accompanying  diagram,  taken  from  a 
reprint  of  my  Baltimore  lectures  now  in  progress.  Let  two  such 
outer  shells,  given  at  rest  with  their  systems  of  globules  in  equi- 
librium within  them,  be  connected  by  massless  springs,  and  be  started 
in  motion,  as  were  the  shells  of  §  6.  There  will  not  now  be  the 
lorreat  loss  of  energy  from  the  vibration  of  the  shells  w\uc\i  Wiex^  ^«i<^ 
in  §  6.     Ob  the  ooBtnrjr,  the  nltimAte  average  kinetic  energy  o^  \>(\e 
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whole  two  hundred  million  million  glohules  will  be  oertainly  small  in 
comparison  with  the  ultimate  average  kinetic  energy  of  the  single 
shell.  It  may  be  because  each  globule  of  §  6  is  free  to  wander  that 
the  energy  is  lost  from  the  shell  in  that  case,  and  distributed  among 
them.  There  is  nothing  vague  in  their  motion  allowing  them  to 
take  more  and  more  energy,  now  when  they  are  connected  by  the 
massless  springs.  Tf  we  suppose  the  motions  infinitesimal,  or  if, 
whatever  their  ranges  may  be,  all  forces  are  in  simple  proportion 
to  displacements,  the  elementary  dynamical  theorem  of  fur^damental 
modes  shows  how  to  find  determinately  each  of  the  600  million  million 
and  six  simple  harmonic  vibrations  of  which  the  motion  resulting  from 
the  prescribed  initial  circumstances  is  constituted.  It  tells  us  that  the 
sum  of  the  potential  and  kinetic  energies  of  each  mode  remains 
always  of  constant  value,  and  that  the  time-average  of  the  changing 
kinetic  energy  during  its  period  is  half  of  this  constant  value. 
Without  fully  solving  the  problem  for  the  600  million  million  and 
six  co-ordinates,  it  is  easy  to  see  that  the  gravest  fundamental  mode 
of  the  motion  actually  produced  in  the  prescribed  circnmstances 
differs  bat  little  in  period  and  energy  from  the  single  simple  harmonic 
vibration  which  the  two  shells  would  take  if  the  globules  were 
rigidly  connected  to  them,  or  were  removed  from  within  them,  and 
the  other  initial  circumstances  were  those  of  §  6.  But  this  condu- 
sion  depends  on  the  forces  being  rigorously  in  simple  proportion  to 
displacements. 

10.*  In  no  real  case  could  they  be  so,  and  if  there  is  any  deviation 
from  the  simple  proporfcionality  of  force  to  displacement,  the  inde- 
pendent superposition  of  motions  does  not  hold  good.  We  have  still  a 
theorem  of  fundamental  modes,  although,  so  far  as  I  know,  this 
theory  has  not  yet  been  investigated .f  For  any  stable  system  moving 
with  a  given  sum,  E,  of  potential  and  kinetic  energies,  there  must  in 
general  be  at  least  as  many  fundamental  modes  of  rigorously  periodic 
motion  as  tliere  are  freedoms  (or  independent  variables).  But  the 
configuration  of  each  fundamental  mode  is  now  not  generally  similar 

•  Sections  10  to  17  added  July  10, 1891. 

t  It  is  similar  for  cuiynamic  cases,  that  is  to  say,  cases  in  which  there  is  no 
potential  energy,  as,  for  example,  a  particle  constrained  to  remain  on  a  suiface  and 
moving,  mlmng  m  geodctiv  line  ondtr  the  infiufimce  of  no  *'  aj^^Ued  "  force. 
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for  different  valnes  of  E ;  and  snperposiiion  of  different  fundamental 
modes,  whether  with  the  same  or  with  different  values  of  E,  has  now 
no  meaning.  It  seems  to  me  probable  that  every  fundamental  mode 
is  esBentiallj  unstable.  It  is  so  if  Maxwell's  fundamental  aesump- 
tion*  '*  that  the  sjstem  if  left  to  itself  in  its  actual  stat«  of  motion, 
will,  sooner  or  later,  pass  through  every  phase  which  is  consistent 
with  the  equation  of  energy  "  is  true.  It  seems  to  me  quite  probable 
that  this  assumption  is  true,  provided  the  '*  actual  state  of  motion  "  is 
not  exactly,  as  to  position  and  velocity,  a  configuration  of  some  one 
of  the  fundamental  muodes  of  rigorously  periodic  motion,  and  pro- 
vided also  that  the  '*  system  *'  has  not  any  exceptional  character, 
such  as  those  indicated  by  Maxwell  for  cases  in  which  he  warnst  us 
that  his  assumption  does  not  hold  good. 

11.  But,  conceding  Maxwell's  fundamental  assumption,  I  do  not 
see  in  the  mathematical  workings  of  his  paperj  any  pi'oof  of  his 
conclusion  'Hhat  the  average  kinetic  energy  corresponding  to  any 
one  of  the  variables  is  the  same  for  every  one  of  the  variables  of 
the  system."  Indeed,  as  a  general  proposition  its  meaning  is  not 
explained,  and  seems  to  me  inexplicable.  The  reduction  of  the 
kinetic  energy  to  a  sum  of  squares  §  leaves  the  several  parts  of  the 
whole  with  no  correspondence  to  any  defined  or  definable  set  of  inde- 
pendent variables.  What,  for  example,  can  the  meaning  of  the 
conclusion II  be  for  the  case  of  a  jointed  pendulum?  (a  system  of 
two  rigid  bodies,  one  supported  on  a  fixed,  horizontal  axis  and  the 
other  on  a  parallel  axis  fixed  relatively  to  the  first  body,  and  both 
acted  on  only  by  gravity).  The  conclusion  is  quite  intelligible,  how- 
ever (but  is  it  true  ?),  when  the  kinetic  energy  is  expressible  as  a 
sum  of  squares  of  rates  of  change  of  single  co-ordinates  each  multi- 
plied by  a  function  of  all,  or  of  some,  of  the  co-ordinates.^  Consider, 
for  example,  the  still  easier  case  of  these  coef&cients  constant. 

12.  Consider  more  particularly  the  easiest  case  of  all,  motion  of  a 
single  particle  in  a  plane,  that  is  the  case  of  just  two  independent 
variables,  say,  «,  y;  and  kinetic  energy  equal  to  iC*' 4- y*).  The 
equations  of  motion  are 

^?  -  -lY         ^y.  -  -^ 

d^  ~      dx'  d^  ~      dy  ' 

•  "  Seientiftc  Papers,"  Vol.  II,  p.  714. 

t  Ihid.,  pp.  714,  716. 

:  Ibid.,  pp.  716—726. 

§  Ibid.,  p.  722. 

II  Or  of  MaxweU's  "  ft,"  in  p.  723. 

^  [It  may  be  untnie  for  one  set  of  co-ordinates,  though  true  for  others.  Consider, 
for  example,  oniform  motion  in  a  circle.    For  all  systems  of  rectilineal  rect&u^\]ikx 
coKirdinatea  («,  jr),  time-ay.  i*  *»  fcime-av.^* ;   but  for  polar  co-ordinaiite%  ^r,%^  ^^ 
hare  ma^  tiwe-Bv.  r' equal  to  time-ar.  r*  i^, — W.  T.,  July  21, 1891.^ 


86        Sir  W.  Thomson.     On  the  Maxwell-BoUzmann    [June  11, 

where  V  is  the  potential  energy,  which  may  be  any  f  anction  of  «,  y, 
sabject  only  to  the  condition  (required  for  stability)  that  it  is 
essentially  positive  (its  least  value  being,  for  brevity,  taken  as  zero). 
It  is  easily  proved  that,  with  any  given  value,  E,  for  the  sum  of 
kinetic  and  potential  energies  there  are  two  determinate  modes  of 
periodic  motion ;  that  is  to  say,  there  are  two  finite  closed  curves 
such  that  if  m  be  projected  from  any  point  of  either  with  velocity 
equal  to  v^[2(E— Y)]  in  the  direction,  either  wards,  of  the  tangent  to 
the  curve,  its  path  will  be  exactly  that  curve.  In  a  very  special  class 
of  cases  there  are  only  two  such  periodic  motions,  but  it  is  obviouf 
that  there  are  more  than  two  in  other  cases. 

13.  Take,  for  example, 

V  =  i(aV+/3y +cajy). 

For  all  values  of  E  we  have 

«  =  a  cos  (a^-e)  1  ^nd  ^  "=  ^  \ 

y  =  0  J  a;  =  fccos  (^t^f)  J 

as  two  fundamental  modes.  When  E  is  infinitely  small  we  have 
only  these  two;  but  for  any  finite  value  of  E  we  have  clearly  an 
infinite  number  of  fundamental  modes,  and  every  niode  differs 
infinitely  litfcle  from  being  a  fundamental  mode.  To  see  this  let  m  be 
pi^jjected  from  any  point  N  in  OX,  in  a  direction  perpendicular  to 
OX,  with  a  velocity  equal  to  \/(2E— a'ON').  After  a  sufficiently 
great  number  of  crossings  and  re-crossings  across  the  line  X'OX,  the 
particle  will  cross  this  line  very  nearly  at  right  angles,  at  some  point, 
N'.  Vary  the  position  of  N  very  slightly  in  one  direction  or  other, 
and  re-project  m  from  it  perpendicularly  and  with  proper  velocity ; 
till  (by  proper  *' trial  and  error"  method)  a  path  is  found,  which, 
after  still  the  same  number  of  crossings  and  re-crossings,  crosses 
exactly  at  right  angles  at  a  point  N",  very  near  the  point  N^  Let  m 
continue  its  journey  alon^  this  path  and,  after  just  as  many  more 
crossings  and  re-crossings,  it  will  return  exactly  to  N,  and  cross  OX 
there,  exactly  at  right  angles.  Thus  the  path  from  N  to  N"  is  exactly 
half  an  orbit,  and  from  N"  to  N  the  remaining  half. 

14.  When  cE/(a^y3^)  is  a  small  numeric,  the  part  of  the  kinetic 
energy  expressed  by  ^ca*y*  is  very  small  in  comparison  with  the  total 
energy,  E.  Hence  the  path  is  at  every  time  very  nearly  the  resultant 
of  the  two  primary  fundamental  modes  formulated  in  §  13  ;  and  an 
interesting  pi'oblem  is  presented,  to  find  (by  the  method  of  the 
•'  variation  of  parameters  '*)  a,  e,  6,/,  slowly  varying  functions  of  t^ 
such  that 

X  •=  a    sin  («<— c),  y  =  &    sin  (Pt^f)y 

d  =  a^coa  (at—e)^  ij  =  h^i  cos  (J^t—J  ), 
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shall  be  the  rigorooB  solution,  or  a  practical  approximation  to  it. 
Careful  consideration  of  possibilities  in  respect  to  this  case  [cE/(a'/3') 
very  small]  seem  thoroughly  to  confirm  Maxwell's  fundamental 
assumption  quoted  in  §  11 ;  and  that  it  is  correct  whether  cE/(«*/3') 
be  small  or  large  seems  exceedingly  probable,  or  quite  certain. 

15.  But  it  seems  also  probable  that  Maxwell's  conclusion^  which 
for  the  case  of  a  material  point  moving  in  a  plane  is 

Time-av.  i*  =  Time-av.  y'     (1) 

is  not  true  when  «*  differs  from  )8*.  It  is  certainly  not  proved.  No 
dynamical  principle  except  the  equation  of  energy, 

K^+y*)  =  E-Y     (2), 

is  brought  into  the  mathematical  work  of  pp.  722 — 725,  which  is 
given  by  Maxwell  as  proof  for  it.  Hence  any  arbitrarily  drawn 
curve  might  be  assumed  for  the  path  without  violating  the  dynamics 
which  enters  into  Maxwell's  investigation  ;  and  we  may  draw  curves 
for  the  path  such  as  to  satisfy  (1),  and  curves  not  satisfying  (1), 
but  all  traversing  the  whole  space  within  the  bounding  curve 

i(«V+)3»^Hca^y»)  =  E    (3), 

and  all  satisfying  Maxwell's  fundamental  assumption  (§11). 

16.  The  meaning  of  the  question  is  illustrated  by  reducing  it  to  a 
purely  geometrical  question  regarding  the  path,  thus :— calling  0  the 
incUoation  to  ^  of  the  tangent  to  the  path  at  any  point  xy^  and  q  the 
velocity  in  the  path,  we  have 

X  =^  q  cos  0,  y  =  qBin0     (4), 

and  therefore,  by  (2)         g  =  -v/{2(B-.V)}     (5). 

Hence,  if  we  call  s  the  total  length  of  curve  travelled, 

Ix'dt  =  Iq  co&^  0qdt  =  j  ^{2(E1-Y)}  cob"  0ds (6); 

and  the  question  of  §  15  becomes,  Is  or  is  not 

—I   4«v/{2(E-V)}cos'^  =  i-f(i«y{2(E-V)}sin»^?   ..    (7), 

where  S  denotes  so  g^at  a  length  of  path  that  it  has  passed  a  great 
number  of  times  very  near  to  every  point  within  the  boundary  (3), 
very  nearly  in  every  direction. 

17.  Consider  now  separately  the  parts  of  the  two  members  of  (7) 
derived  from  portions  of  the  path  which  cross  an  infinitesimal  vkr^Q^ 
ia  having  its  centre  at  (x,  y).     They  are  respectively 
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-/{2(E-V)}  dA  N(f^co8'  0,      and      -/{2(E-V)}  dirl  Nd^sin*  ^ 

Jo  Jo 

(8X 

where  Nd^  denotes  the  nnmber  of  portions  of  tbe  path,  per  nnit 
distance  in  the  direction  inclined  •^ir+^  to  aj,  which  pass  eitherwards 
across  the  area  in  directions  inclined  to  x  at  angles  between  the 
values  e—^dO  and  0-h^d0.  The  most  general  possible  expression  for 
N  is,  according  to  Fourier, 

N  =  Ao+Ai  cos  2^-f  Aacos  40+ &c,  1 
+  Bi  sin  2^+ Ba  sin  4^+ Ac.  J    ' 

Henjce  the  two  naembers  of  (8)  become  respectiyely 

y{2(E-V)}(i*rix(Ao+iA0,    and     y{2(E^Y)}  dir^(Ao-^AO 

(10). 

Remarking  that   Ao  and  Ai  are  functions   of  x,   y,   and  taking 
d<T  =  dxdy,  we  find,  fi*om  (10),  for  the  two  totals  of  (7)  respectively 


i,rJJ*rdy(A«+iA,)y[2(E-V)]  , 


:-v)]1 

and  ixJJ(te(£yCAo-iA0v/[2(E-V)]J 

where   Jjd«c?y   denotes  integration   over  the   whole  space  enclosed 

by  (3).  These  quantities  are  equal  if  and  only  if  ^jdxdt/Ai  vanishes  ; 
it  does  so,  clearly,  if  «  =  /3 ;  but  it  seems  improbable  that,  except 
when  «  =  /3,  it  can  vanish  generally ;  and  unless  it  does  so,  our 
present  test  case  would  disprove  the  Boltzmann-Maxwell  general 
doctrine. 


II.  **  On  Electrical  Evaporation."   By  William  Crookes,  F.R.S. 

Received  June  4,  1891. 

It  is  well  known  that  when  a  vacuum  tube  is  furnished  with  in- 
ternal platinum  electrodes,  the  adjacent  glass,  especially  near  the 
negative  pole,  speedily  becomes  blackened,  owing  to  the  deposition 
of  metallic  platinum.  The  passage  of  the  induction  current  greatly 
stimulates  the  motion  of  the  residual  gaseous  molecules ;  those  con- 
densed upon  and  in  the  immediate  neighbourhood  of  the  negative 
pole  are  shot  away  at  an  immense  speed  in  almost  straight  lines,  the 
speed  varying  with  the  desrree  of  exhaustion  and  with  the  intensity 
of  the  induced  current.     Platinum  being  used  for  the  negative  pole. 
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not  only  are  the  gaseous  molecules  shot  away  from  the  electrode,  but 
the  passage  of  the  current  so  affects  the  normal  molecular  motions  of 
the  metal  as  to  remove  some  of  the  molecules  from  the  sphere  of  attrac- 
tion of  the  mass,  causing  them  to  fly  off  with  the  stream  of  gaseous 
molecules  proceeding  from  the  negative  pole,  and  to  adhere  to  any 
object  near  it.  This  property  was,  I  believe,  first  pointed  out  by 
Dr.  Wright,  of  Yale  College,  and  some  interesting  experiments  are 
described  by  him  in  '  The  American  Journal  of  Science  and  Arts.'* 
The  process  has  been  much  used  for  the  production  of  small  mirrors 
for  physical  apparatus. 

This  electrical  volatilisation  or  evaporation  is  very  similar  to 
ordinary  evaporation  by  the  agency  of  heat.  Cohesion  in  solids 
varies  according  to  physical  and  chemical  constitution ;  thus  every 
kind  of  solid  matter  requires  to  be  raised  to  a  certain  temperature 
before  the  molecules  lose  their  fixity  of  position  and  are  rendered 
liquid,  a  result  which  is  reached  at  widely  different  temperatures.  If 
we  consider  a  liquid  at  atmospheric  pressure, — say,  for  instance,  a 
basin  of  water  in  an  open  room, — at  molecular  distances  the  boundary 
surface  between  the  liquid  and  the  superincumbent  gas  will  not  be  a 
plane,  but  turbulent  like  a  stormy  ocean.  The  molecules  at  the 
surface  of  the  liquid  dart  to  and  fro,  rebound  from  their  neigh- 
bours, and  fly  off  in  every  direction.  Their  initial  velocity  may  be 
either  accelerated  or  retarded  according  to  the  direction  of  impact. 
The  result  of  a  collision  may  drive  a  molecule  in  such  a  direction 
that  it  remains  part  and  parcel  of  the  liquid  ;  on  the  other  hand,  it 
may  be  sent  upwards  without  any  diminution  of  speed,  and  it  will 
then  be  carried  beyond  the  range  of  attraction  of  neighbouring  mole- 
cules and  fly  off  into  and  mingle  with  the  superincumbent  gas.  If  a 
molecule  of  the  liqaid  has  been  driven  at  an  angle  with  a  velocity  not 
sufficient  to  carry  it  beyond  the  range  of  the  molecular  attraction  of 
the  liquid  it  may  still  escape,  since,  in  its  excursion  upwards,  a 
gaseous  molecule  may  strike  it  in  the  right  direction,  and  its  tern* 
porary  visit  may  be  converted  into  permanent  residence. 

The  intrinsic  velocity  of  the  molecules  is  intensified  by  heat  and 
diminished  by  cold.  If,  therefore,  we  raise  the  temperature  of  the 
water  without  materially  increasing  that  of  the  surrounding  air,  the 
excursions  of  the  moleculeit  of  the  liquid  are  rendered  longer  and  the 
force  of  impact  greater,  and  thus  the  escape  of  molecules  into  the 
upper  region  of  gas  is  increased,  and  we  say  that  evaporation  is 
augmented. 

If  the  initial  velocities  of  the  liquid  molecules  can  be  increased  by 
any  other  means  than  by  raising  the  temperature,  so  that  their  escape 
into  the  gas  is  rendered  more  rapid,  the  result  may  be  called 
*''  evaporation  '*  just  as  well  as  if  heat  had  been  applied. 

•  Third  Series,  yoL  12,  p.  49,  January,  18Y7,  and  toI.  14,  p.  169,  September,  1877. 
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Hitberto  I  have  spoken  of  a  liquid  evaporating  into  a  gas ;  but  the 
same  reasoning  applies  equally  to  a  solid  body*  But  i?bilst  a  solid 
body  like  platinum  requires  an  intense  heat  to  enable  its  upper 
stratum  of  molecules  to  pass  beyond  the  sphere  of  attraction  of  the 
neighbouring  molecules,  experiment  shows  that  a  very  moderate 
amount  of  negative  electrification  superadds  sufficient  energy  to 
enable  the  upper  stratum  of  metallic  molecules  to  fly  beyond  the 
attractive  power  of  the  rest  of  the  metal. 

If  a  gaseous  medium  exists  above  the  liquid  or  solid,  it  prevents  to 
some  degree  the  molecules  from  flying  off.  Thus  both  ordinary  and 
electrical  evaporation  are  more  rapid  in  a  vacuum  than  at  the -ordinary 
atmospheric  pressure. 

I  have  recently  made  some  experiments  upon  the  evaporation  of 
different  substances  under  the  electric  stress. 

Evaporation  of  Water. — ^A  delicate  balance  was  taken,  and  two  very 
shallow  porcelain  dishes  were  filled  with  acidulated  water  and 
balanced  on  the  pans.  Dipping  into  each  dish — touching  the  liquid, 
but  not  the  dish — was  a  platinum  wire,  one  connected  with  the  in- 
duction coil  and  the  other  insulated.  The  balance  was  left  free  to 
move,  but  was  not  swinging,  the  pointer  resting  at  the  centre  of  tbe 
scale.  The  water  in  connection  with  the  coil  was  first  made  positive. 
After  If  hours  there  was  scarcely  any  difference  between  the  weight 
of  the  insulated  water  and  that  which  had  been  exposed  to  the 
positive  current.  Equilibrium  being  restored,  the  current  was  re- 
versed, the  negative  current  being  kept  on  the  dish  for  two  hours. 
At  the  end  of  this  time  the  electrified  water  was  decidedly  lighter. 
After  having  again  restored  equilibrium,  the  electrification  of  tho 
dishes  was  reversed,  i.e.,  the  one  that  had  before  been  insulated  was 
made  negative  and  the  other  one  was  insulated.  In  an  hour  ih^ 
electrified  water  had  become  decidedly  lighter  than  the  insulated 
water.  The  experiment  was  performed  in  a  room  of  uniform  tempera- 
ture, and  any  draught  was  prevented  by  the  glass  case  of  the 
balance.  In  a  subsequent  experiment  in  which  the  quantities  were 
weighed,  it  was  found  that  negatively  electrified  water  lost  in  1^  hours 
1/1 000th  part  of  its  weight  more  than  did  insulated  water. 

This  experiment  shows  that  the  disturbing  influence  which  assists 
evaporation  is  peculiar  to  the  negative  pole  even  at  atmospheric 
pressures. 

The  metal  cadmium  was  next  experimented  upon. 

Evaporation  of  Cadmium. — If  the  flying-off  of  the  metal  of  the 
negative  pole  is  similar  to  evaporation  or  volatilisation,  the  operation 
should  be  accelerated  by  heat. 

A  tube  was  made  as  shown  in  fig.  1.     A  and  B  are  the  platinum 

poles  sealed  through  the  glass.     C  and  D  are  two  blocks  of  metallic 

cadmiam  of  the  same  size  and  weight.    The  piece  G  is  in  contact 


•J 


On  Electrical  Evaporation, 


91 


Fig.  1. 
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tbe  pole  B,  which  in  the  experiment  was  always  kept  negative, 
•ole  A  being  positive.  When  the  exhaustion  was  snch  that  the 
ge  of  the  corrent  gave  green **pho8phore8cence  over  the  glass, 
was  applied  simultaneously  to  both  ends  of  the  \J  -shaped  tube 
eans  of  a  gas-burner  and  air-bath,  so  that  one  piece  of  cadmium 
it  the  same  temperature  as  the  other.  The  current  was  then 
ed  and  was  kept  on  for  about  an  hour,  and  it  was  remarkable 
ao  metal  was  deposited  in  the  neighbourhood  of  the  positive  pole, 
(urrounding  portion  of  the  tube  being  quite  clean,  while  the 
sponding  part  of  the  other  limb  of  the  tube,  having  no  electrodes, 
•hickly  coated,  the  appearance  being  shown  in  the  drawing. 

the  temperature  was  high,  metal  had  distilled  off  from  both 
s;  hence  there  was  no  visible  difference  in  the  amount  of  the 
(it  in  the  two  sides.  It  is  evident  that,  to  render  the  electrical 
ci  most  visible,  the  temperature  should  be  kept  short  of  the 
al  volatilising  point. 

the  next  experiment  an  exactly  similar  tube  was  used ;  the 
im  was  such  that  the  green  phosphorescence  of  the  glass  was 
seen,  the  temperature  was  kept  just  below  the  melting  point  of 
inm,  and  the  current  was  kept  on  for  an  hour.  On  examining 
ibe  at  the  end  of  this  time,  the  appearance  was  as  seen  in  fig.  2. 
isiderable  deposit  had  taken  place  on  the  end  of  the  tube  near 
egative  pole,  the  space  round  the  positive  pole  was  clear,  while 
e  limb  of  the  tube  where  no  electricity  had  been  passing  only 
y  little  deposit  of  metal  was  seen,  as  shown  in  the  figure, 
e  temperature  in  this  experiment  having  been  kept  below  the 
ng  point,  had  no  electricity  been  applied,  there  would  have  been 
little,  if  any,  evaporation.  The  amplitude  of  the  iiio\^CT][\»x 
adoiiB  was  increased  by  the  riae  of  temperature,  Wi  uoti  ^u^* 
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ciently  to  allow  many  of  the  molecules  to  pass  beyond  the  sphere  o> 
attraction  of  the  mass.  When,  however,  the  current  was  turned  orB. 
the  oscillations  were  increased  sufficiently  to  carry  some  of  the  mole  ' 
cules  beyond  their  spheres  of  attraction  and  hence  into  the  vacuous 
space  above.  As  in  the  water  experiment,  this  only  happens  at  the 
negative  pole.  It  would  seem  that,  even  after  having  been  removec: 
from  the  rest  of  the  mass,  the  on-rushing  stream  of  gaseous  molecules 
is  necessary  to  carry  the  metallic  molecules  away,  and,  as  I  shall  pre- 
sently show,  even  then  they  very  quickly  drop  out  of  the  ranks  anc 
deposit  on  the  walls  of  the  tube. 


Fio.  3. 


Another  tube  was  made  as  shown  in  fig.  3.      The  poles  A,  B,  C,  D 

were  platinum   wires  sealed   through  the  glass,   A   and    D   having 

alaminiam  poles  covering  the  platinum  wire.    In  the  ends  of  the 
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tube,  and  tonching  the  poles  B  and  C,  were  two  pieces  of  cadmium 
of  the  same  size  and  shape.  The  tube  was  exhausted  to  the 
phosphorescent  point,  and  the  current  was  turned  on,  C  being  made 
n^ative  and  D  positive.  No  heat  was  applied.  The  current  was 
kept  on  for  about  half  an  hour,  until  a  good  deposit  of  metal  had 
been  deposited  on  the  glass,  the  appearance  being  as  shown  in  fig.  4, 


^ 
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the  glass  near  the  pole  C  being  coated  with  metal,  while  the  glass 
round  the  pole  D  was  clean.  The  outer  boundary  of  the  dark  space 
daring  the  experiment  is  shown  by  the  dotted  line  ef. 

The  pole  B  was  now  made  positive  and  the  pole  A  negative,  the 
ourrent  being  kept  on  for  another  half  hour.  At  the  end  of  the  time 
'the  only  additional  effect  was  a  slight  darkening  round  the  lamp  of 
osdmium,  in  the  same  place  as,  but  very  much  fainter  than,  the  deposit 
Blu>wn  in  fig.  5.     This  is  probably  due  to  a  little  leakage  of  negative 

Fio.  6. 


discharge  from  the  positive  pole.  The  experiment  shows  that 
P^witive  electrifioatioB  does  not  cause  the  metal  sensibly  to  vola- 
tflise. 

In  these  experiments  no  estimation  was  made  of  the  weight  of 
iiietal  removed,  and  the  cadmium  only  rested  by  its  own  weight  upon 
the  platinum  wires  that  had  been  sealed  through  the  glass.  To 
lender  the  experiment  quantitative,  and  at  the  same  time  to  remove 
haj  disturbing  effect  that  might  be  caused  by  heating  at  the  point  of 
indifferent  contact,  the  following  experiments  were  made : — 

A  y -shaped  tube,  shown  in  fig.  6,  had  a  platinum  pole  sealed  in 
each  end.  6  grains  of  pure  cadmium  were  put  into  each  limb  and 
fused  round  the  platinum  wire.  The  ends  of  the  tube  were  then  i^\x.t 
into  an  air-bath,  and  kept  at  a,  temperature  of  200°  C.  dutVxi^  \i\L^ 
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continnance  of  the  experiment.*  The  exhaustion  remained  ai 
0'00076  mm.,  or  1  M.  The  induction  cnrrent  was  kept  going  for 
thirty'five  minntes,  the  pole  A  being  negative  and  B  positive.  At  the 
end  of  this  time  it  was  seen  that  most  of  the  cadminm  had  dis- 
appeared from  the  negative  pole,  leaving  the  platinnm  wire  clean,  no 
metal  being  deposited  near  it,  and  the  molecnles  appearing  to  have 
been  shot  off  to  a  distance  of  about  j  inch.  The  appearance  of  the 
positive  pole  was  very  dtfierent ;  scarcely  any  of  the  cadminm  had 
been  volatilised,  and  the  condensed  metal  came  almost  close  to  the 
pole.  The  tnbe  was  opened,  and  the  remaining  wires  and  metal  wen 
weighed.  The  cadminm  was  then  dissolved  oS  the  poles  in  dilute 
acid ;  the  residue  was  washed,  dried,  and  weighed. 


Original  weight  of  cadmium  . . . 
Cadmium  remaining  on  the  pole 


PositiTe  polo.  Kegafive  pole 
.  6-00  grs.  600  grs. 
.      3-65    „  025    „ 


Cadmium  volatUised  in  35  mins.  . ,      2'35    „ 

■  Cadnaam  melte  st  SXf  sod  boili  gA  S60°. 
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>  difference  between  the  amount  of  cadminm  driven  from  the 
loles  baying  proved  to  be  so  decided,  another  experiment  was 
in  a  tube  so  arranged  that  the  metal  could  be  more  easily 
led  before  and  after  the  experiment.  The  apparatus  is  shown 
.  7.      A  tube  was  blown  ^-shaped,  having  a  bulb  in  each  limb. 


)latinum  poles  were,  as  before,  at  the  extremities  of  each  limb, 
a  each  bulb  was  suspended  from  a  small  platinum  hook  a  small 
of  cadmium,  the  metal  having  been  cast  on  to  the  wire.  The 
were  each  weighed  with  and  without  the  cadminm.  The  tube 
xhausted,  and  the  lower  half  of  the  tube  was  enclosed  vn  «.  TEi%\A^ 
(mtaining  paraffin  wax,  the  temperature  being  kept  eil  ^"iV  Ci. 
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daring  the  continnanoe  of  the  experiment.      A  deposit  aroand  the 

negative  pole  took  place  almost  immediately,  and  in  five  minutes  the 

balb  surrounding  it  was  opaque  with  deposited  metal.     The  positive 

pole  with  its  surrounding  luminosity  could  be  easily  seen  the  whole 

time.     In  thirty  minutes  the  experiment  was  stopped,  and  after  all 

was  cold  the  tube  was  opened  and  the  wires  weighed  again.     The 

results  were  as  follows : — 

Positive  pole.    KegstiTe  pole. 

Original  weight  of  cadmium 9*34  grs.         9*38  grs. 

Weight  after  experiment 9*25    „  1*86 


Cadmium  volatilised  in  30  mins. 
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Finding  that  cadmium  volatilised  so  readily  under  the  action  of 
the  induction  current,  a  large  quantity,  about  350  grs.,  of  the  pure 
metal,  was  sealed  up  in  a  tube  arranged  as  in  fig.  8,  and  the  end  of 
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the  tube  containing  the  metal  was  heated  to  a  little  above  the  melting 
point ;  the  molten  metal  being  made  the  negative  pole,  in  a  few  hours 
the  whole  quantity  had  volatilised  and  condensed  in  a  thick  layer  on 
the  far  end  of  the  tube,  near,  but  not  touching,  the  positive  pole. 
VoiaHlisation  of  Silver, — Silver  was  the  next  metal  experimented 
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apoQ.  The  apparatus  was  similar  to  that  used  for  the  cadmiam 
^ipeiiments  (fig.  7).  Small  lamps  of  pore  silver  were  cast  on  the 
ends  of  platianm  wires,  and  suspended  to  thn  inner  ends  of  platinnm 
tcmunals  passing  through  t)io  glass  bulb.  The  platinam  vriree  were 
protected  b^  glass,  so  that  only  the  silver  balls  were  exposed.  The 
^hole  apparatus  was  enclosed  in  a  metal  box  lined  with  mica,  and 
the  temperature  was  kept  as  high  as  the  glass  would  allow  without 
softening.  The  apparatus  was  exhausted  to  a  dark  space  of  3  mm., 
xai  the  current  was  Icept  on  for  I^  hoars.  The  weights  of  silver, 
Wore  and  after  the  experiment,  wore  as  follows: — 

PomtiTe  pole.      NegfttiTe  pole 

Original  weight  of  silver 18-14  grs.        24*63  gi-s. 

Weight  after  the  experiment....     1813   „  2444    ,. 

Silver  Tolatilised  is  1^  hours  ... .       001    „  019    „ 

It  having  been  found  that  silver  volatilised  readily  from  tlio 
negntiye  pole  in  a  good  vacuum,  experiments  were  instituted  to  ascer- 
tain whether  the  molecules  of  bietal  shot  off  from  the  pole  were 
instmniental  in  '  producing  phosphorescence.  A  glass  apparatus 
waa  mfide  as  shown  in  fig.  9.     A  pear-shaped  bnib  of  German  gloss 


hu,  near  the  small  end,  an  inner  concave  negative  pole,  A,  of  pure 
"iTer,  BO  mounted  that  its  inverted  image  is  thrown  upon  the  o|i[irtMito 
end  of  the  tube.  In  front  of  the  pole  is  a  screen  of  mica,  having  a 
niiill  hole  in  the  centre,  so  that  only  n  natrow  pencil  ot  rays  fi-om  the 
wlter  pole  can  paas  through,  forming  a  bright  npot  of  phosplior- 
M»nee,  D,  at  the  far  end  of  the  bulb.  The  cxhauation  was  pnKhed 
tos  high  point,  000068  mm.,  or  09  M.  The  cnrrcut  fiwm  an  indue 
^  coil  was  allowed  to  ;miss  confionously  for  Kome  \\oaTB,  tW  ?,\\^«t 
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pole  being  kept  negafcive,  bo  as  to  di-ive  off  a  certain  portion  of  i 
flilver  electrode.  On  snbeeqaent  examination  it  was  fonnd  that  i 
silver  had  all  been  deposited  in  the  immediate  neighbourhood  of  i 
pole,  nbilst  at  the  far  end  of  the  tube  the  spot  D,  that  had  bt 
continnODsly  glowing  with  phosphorescent  light,  was  practically  f 
from  silver. 


A  tube  was  next  made  as  shown  in  fig.  10.  It  had  two  negative  pi 
connected  together,'  A,  A',  so  placed  as  to  project  two  laminoaa  sp 
on  the  pbosphorescent  glass  of  the  tube.  One  of  the  electrodes, 
was  of  silver,  a  volatile  metal ;  the  other.  A,  was  of  aluminium,  pi 
tically  non-volatile.  On  connecting  the  two  negative  poles.  A, 
with  one  terminal  of  the  coil,  and  the  positive  pole,  B,  with  the  ot 
terminal,  it  was  seen  in  the  course  of  half  an  honr  that  a  consider) 
quantity  of  metal  had  been  projected  from  the  silver  negative  p 
blackening  the  tube  in  its  neighbonrbood,  while  no  projectior 
metallic  particles  took  place  from  the  alomininm  positive  p 
Daring'  the  wbole  time  of  the  experiment,  however,  the  two  pat( 
of  pbosphorescent  light,  C  and  C,  had  been  glowing  with  exactly 
same  intensity,  showing  that  the  active  agent  in  effecting  pbosp' 
enuence  was  not  the  molecules  of  the  solid  projected  from  the  p< 
but  the  residaal  gaseous  particles,  or  "  iwJiant  matter." 

In  the  tabes  hitherto  made  containing  silver,  it  had  not  been  i 
to  observe  the  apectmm  of  the  negative  pole,  owing  to  the  r; 
manner  in  which  the  deposit  obscured  the  glass.  A  special  i 
(fig.  11)  was  therefore  devised,  of  the  following  character.  The  si 
pole.  A,  was  attached  to  the  platinum  pole  at  one  end  of  the  tube, 
the  alumiuinm  positive  pole,  B,  was  at  the  side.  The  end  of  the  i 
opposite    the  silver  pole    was    ronnded,   and   the    spectroscope 
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arranged  to  observe  the  light  of  the  volatilising  silver  **end  on/'  as 
"^hown  in  the  figure.  In  this  waj  the  deposit  of  silver  offered  no 
^bsta-actioii  to  the  light,  as  none  was  deposited  except  on  the  sides  of 
tlie  tube  snrronnding  the  silver.  At  a  vacuum  giving  a  dark  space 
'^  about  3  mm.  from  the  silver,  a  greenish-white  glow  was  seen  to 
^vnnround  the  metal.  This  glow  gave  a  verv  brilliant  spectrum.  The 
^park  from  silver  poles  in  air  was  brought  into  the  same  field  of  view 
as  the  vacuum  glow,  bj  means  of  a  right-angled  prism  attached  to 
the  spectroscope,  and  the  two  spectra  were  compared.  The  two 
-strong  green  lines  of  silver  were  visible  in  each  spectrum;  the 
measurements  taken  of  their  wave-lengths  were  3344  and  3675, 
numbers  which  are  so  close  to  Thalen's  numbers  as  to  leave  no  doubt 
that  they  are  the  silver  lines.  At  a  pressure  giving  a  dark  space  of 
2  mm.  the  spectrum  was  very  bright,  and  consisted  chiefly  of  the  two 
green  lines  and  the  red  and  green  hydrogen  lines.  The  intercalation 
of  a  Leyden  jar  into  the  circuit  does  not  materially  increase  the 
brilliancy  of  the  lines,  but  it  brings  out  the  well-known  air  lines. 
At  this  pressure  not  much  silver  flies  off  from  the  pole.  At  a  higher 
vacuum,  the  luminosity  round  the  silver  pole  gets  less  and  the  green 
lines  vanish.  At  an  exhaustion  of  about  one-millionth  of  an  atmo- 
sphere the  luminosity  is  feeble,  the  silver  pole  has  exactly  the  appear- 
ance of  being  red  hot,  and  the  volatilisation  of  the  metal  proceeds 
rapidly.* 

*  Like  the  action  producing  yolatilisation,  the  "  red  heat "  is  confined  to  the 
Buperficial  lajers  of  molecules  only.  The  metal  instantly  assumes,  or  loses,  the 
appearance  of  red  heat  the  moment  the  current  is  turned  on  or  off,  showing  that, 
if  the  appearance  is  really  due  to  a  rise  of  temperature,  it  does  not  penetrate  much 
beloir  the  sur^e.  The  extra  activity  of  tlie  metallic  molecules  necessary  to 
Tolatiliae  them  is,  in  these  experiments,  confined  to  the  surface  only,  or  the  whole 
man  would  eyaporate  at  once,  as  when  a  metallic  wire  is  deflagrated  hy  the  dis- 
charge  of  a  powerful  Leyden  jar.  When  this  extra  activity  ia  produced  "Vj'J  wNa- 
ficial  heat  ooe  of  the  effecU  ia  the  emisaion  of  red  light ;  so  it  ia  not  unxeanoTweXAie 


100  Mr.  W.  Crookes.  [June  1 

If,  for  the  negative  electrode,  instead  of  a  pure  metal  sacb  i 
cadmium  or  silver,  an  alloy  was  used,  the  different  components  migl 
be  shot  off  to  different  distances,  and  in  this  way  make  an  electric 
separation — a  sort  of  fractional  distillation.  A  negative  termin 
was  formed  of  clean  brass,  and  submitted  to  the  electrical  dischaq 
in  vacuo ;  the  deposit  obtained  was  of  the  colour  of  brass  throughoii 
and  on  treating  the  deposit  chemically  I  could  detect  no  separatic 
of  its  component  metals,  copper  and  zinc. 

[A  remarkable  alloy  of  gold  and  aluminium,  of  a  rich  purple  colon 
has  been  kindly  sent  me  by  Professor  Roberts- Austen.  Gold  beii 
very  volatile  in  the  vacuum  tube,  and  aluminium  almost  fixed,  th 
alloy  was  likely  to  give  different  results  from  those  yielded  by  brae 
where  both  constituents  fly  off  with  almost  equal  readiness.  Tl 
AuAl  alloy  had  been  cast  in  a  clay  tube  in  the  form  of  a  rod  2  ci 
long  and  about  2  mm.  in  diameter.  It  was  sealed  in  a  vacuum  tul 
as  the  negative  pole,  an  aluminium  pole  being  at  the  other  side.  Pa 
of  the  alloy,  where  it  joined  the  platinum  wire  passing  through  tl 
glass,  was  closely  surrounded  with  a  narrow  glass  tube ;  a  clean  gla 
plate  was  supported  about  3  mm.  from  the  rod  of  alloy.  After  goc 
exhaustion  the  induction  current  was  passed,  the  alloy  being  ke] 
negative.  Volatilisation  was  very  slight,  but  at  the  end  of  half  8 
hour  a  faint  purple  deposit  was  seen  both  on  the  glass  plate  and  c 
the  walls  of  the  tube.  On  removing  the  rod  fi'om  the  apparatus, 
was  seen  that  the  portion  which  had  been  covered  by  the  small  gla 
tube  retained  its  original  purple  appearance,  while  the  part  that  hi 
been  exposed  to  electrical  action  had  changed  to  the  dull  white  coloi 
of  aluminium.  Examined  under  the  microscope,  the  whitened  surfa^ 
of  the  Austen  alloy  was  seen  to  be  pitted  irregularly,  with  no  tra< 
of  crystalline  appearance.  This  experiment  shows  that  from  an  alU 
of  gold  and  aluminium  the  gold  is  the  first  to  volatilise  under  ele 
trical  influence,  the  aluminium  being  left  behind.  The  purple  coloi 
of  the  deposit  on  glass  is  probably  due  to  finely  divided  metallic  gol 
The  first  deposit  from  a  negative  pole  of  pure  gold  is  pink;  th 
changes  to  purple  as  the  thickness  increases.  The  purple  then  tun 
to  green,  which  gets  darker  and  darker  until  the  metallic  lustre  • 
polished  gold  appears. — June  10.] 

Returning  to  the  analogy  of  liquid  evaporation,  if  we  take  sever 
liquids  of  different  boiling  points,  put  them  under  the  same  pressur 
and  apply  the  same  amount  of  heat  to  each,  the  quantity  passir 

to  imagine  that  when  the  extra  activity  is  produced  by  electricity  the  emission 
red  light  should  also  accompany  the  separation  of  molecules  from  the  mass.  J 
comparison  with  electricity  heat  is  a  wasteful  ageut  for  promoting  Tolatilisatio 
as  the  whole  mass  must  be  raised  to  the  requisite  temperature  to  produce  a  surf  a 
action  merely ;  whereas  the  action  of  electrification  docs  not  appear  to  penetra 
much  below  the  aurfacc. 
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from  the  liqnid  to  the   gaseoas  state  will  differ  widely  in  each 
case. 

It  was  interesting  to  trj  a  parallel  experiment  with  metals,  to  find 
their  comparative  volatility  under  the  same  conditions  of  temperature, 
pressure,  and  electrical  influence.  It  was  necessary  to  fix  upon  one 
metal  as  a  standard  of  comfparison,  and  for  this  purpose  I  selected 
gold,  its  electrical  volatility  being  great,  and  it  being  easy  to  prepare 
in  a  pure  state. 

Fio.  12. 
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An  apparatus  was  made  as  in  fig.  12.     It  is  practically  a  vacuum 
kbe  with  four  negative  poles  at  one  end  and  one  positiv^e  pole  at  the 
other.    By  a  revolving  commutator  I  was  able  to  make  electrical 
eonxiection  with  each  of  the  four  negative  poles  in  Bucce^oiQin.  lest 
exactly  ihe  same  length  of  time  Cabout  six  secondB)  -,  \:)y  t\A&  xcl^^ta 
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the  Tariations  in  the  strength  of  the  enrrent,  the  experiment  1 
some  honrs,  affected  each  metal  alike. 

The  exposed  surface  of  the  varions  metals  nsed  as  negative 
was  kept  nniform  hy  taking  them  in  the  form  of  wires  that  lu 
been  drawn  through  the  same  standard  hole  in  the  drawplat 
catting  them  by  gauge  to  a  nniform  length ;  the  actnal  size  use 
0*8  mm.  in  diameter,  and  20  mm.  long. 

The  comparison  metal  gold  had  to  be  nsed  in  each  experiment 
apparatus  thus  enabled  me  to  compare  three  different  metals 
time.  The  length  of  time  that  the  current  was  kept  on  the  rove 
commutator  in  each  experiment  was  eight  hours,  making  two 
of  electrification  for  each  of  the  four  negative  electrodes ;  the  pr< 
was  such  as  to  give  a  dark  space  of  6  mm. 

The  fusible  metals,  tin,  cadmium,  and  lead,  whea  put  into  the 
ratus  in  the  form  of  wires,  very  quickly  melted.  To  avoid  this 
oulty  a  special  form  of  pole  was  devised.  Some  small  circular  ] 
lain  basins  were  made,  9  mm.  diameter;  through  a  small  h< 
the  bottom  a  short  length  of  iron  wire,  0*8  mm.  in  diameter 
passed,  projecting  downwards  about  5  mm. ;  the  basin  was  then 
to  the  brim  with  the  metal  to  be  tested,  and  was  fitted  into  the 
ratus  exactly  in  the  same  way  as  the  wires ;  the  internal  dia 
of  the  basins  at  the  brim  was  7  mm.,  and  the  negative  metal  file 
was  thus  formed  of  a  circular'  disc  7  mm.  diameter.  The  sta 
gold  pole  being  treated  in  the  same  way,  the  numbers  obtain( 
the  fusible  metals  can  be  compared  with  gold,  and  take  their  pi 
the  table. 

The  following  table  of  the  comparative  volatilities  was  in  thi 
obtained,  taking  gold  as  =  100  : — 

Palladium    108-00 

Gold 10000 

Silver 82-68 

Lead 7504 

Tin    56-96 

Brass 51*58 

Platinum 44*00 

Copper 40*24 

Cadmium 31*99 

Nickel  10*99 

Iridium 10*49 

Iron 5*50 

In  this  experiment  equal  surfaces  of  each  metal  were  expos 
the  current.     By  dividing  the  numbers  so  obtained  by  the  sj 
gravity  of  the  metal,  the  following  order  is  found  : — 
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Palladium 900 

Silver    7-88 

Tin    776 

Lead 6*61 

Gold 618 

Cadmium  . .    3-72 

Copper 2-52 

Platinum 2*02 

Nickel   1-29 

Iron  0-71 

Iridium     0*47 

Aluminium  and  magnesium  appear  to  be  practically  non- volatile 
under  these  circumstances. 

The  order  of  metals  in  the  table  shows  at  once  that  the  electrical 
volatility  in  the  solid  state  does  not  correspond  with  the  order  of  melt- 
ing points,  of  atomic  weights,  or  of  any  other  well-known  constant. 
The  experiment  with  some  of  the  typical  metals  was  repeated,  and 
the  numbers  obtained  did  not  vary  materially  from  those  given  above, 
skowing  that  the  order  is  not  likely  to  be  far  wrong. 

It  is  seen  in  the  above  table  that  the  electrical  volatility  of  silver 
is  high,  while  that  of  cadmium  is  low.  In  the  two  earlier  experi- 
ments, where  cadmium  and  silver  were  taken,  the  cadmium  negative 
electrode  in  30  minutes  lost  7'52  grs.,  whilst  the  silver  negative 
electrode  in  1^  hours  only  lost  0*19  gr.  This  apparent  discrepancy 
is  easily  explained  by  the  fact  (already  noted  in  the  case  of  cadmium) 
that  the  maximum  evaporation  effect,  due  to  electrical  disturbance, 
takes  place  when  the  metal  is  at  or  near  the  point  of  liquefaction.  If 
it  were  possible  to  form  a  negative  pole  in  vacuo  of  molten  silver, 
then  the  quantity  volatilised  in  a  given  time  would  be  probably  much 
oa^ore  than  that  of  cadmium. 

Gold  having  proved  to  be  readily  volatile  under  the  electric  current, 
*^  experiment  was  tried  with  a  view  to  producing  a  larger  quantity 
^^  the  volatilised  metal.  A  tube  was  made  having  at  one  end  a  uega- 
^^Ve  pole  composed  of  a  weighed  brush  of  fine  wires  of  pure  gold,  and 
^^  alaminium  pole  at  the  other  end. 

The  tube  was  exhausted  and  the  current  from  the  induction  coil  put 
^^  making  the  gold  brush  negative  ;  the  resistance  of  the  tube  was 
^^Und  to  increase  considerably  as  the  walls  became  coated  with  metal, 
^  much  so  that,  to  enable  the  current  to  pass  through,  air  had  to  be 
^^t  in  after  a  while,  depressing  the  gauge  ^  mm. 

The  weight  of  the  brush  before  experiment  was  35*4940  grs. 
^^  induction  current  was  kept  on  the  tube  for  14^  hours ;  at  the 
^Ud  of  this  time  the  tube  was  opened  and  the  brush  removed.  It  -no^ 
Weighed    32-6613,  showing  a  loss  of    2-9327  grs.      W\i^tl  Veate^ 
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below  redness  the  deposited  film  of  gold  was  easily  removed  from  tbe 
walls  of  the  tube  in  the  form  of  very  brilliant  foil. 

After  having  been  subjected  to  electrical  volatilisation,  the  appear- 
ance of  the  residual  piece  of  gold  under  the  microscope,  using  a  ^-incb 
object  glass,  was  very  like  that  of  electrolytically  deposited  metal, 
pitted  all  over  with  minute  hollows. 

This  experiment  on  the  volatilisation  of  gold  having  produced 
good  coherent  films  of  that  metal,  a  similar  experiment  was  tried, 
using  a  brash  of  platinum  as  a  negative  electrode.  On  referring  to 
the  table  it  will  be  seen  that  the  electrical  volatility  of  platinum  is 
much  lower  than  that  of  gold,  but  it  was  thought  that  by  taking 
longer  time  a  sufficient  quantity  might  be  volatilised  to  enable  it  to 
be  removed  from  tbe  tube. 

The  vacuum  tube  was  exhausted  to  such  a  point  as  to  give  a  dark 
space  of  6  mm.,  and  it  was  found,  as  in  the  case  of  gold,  that  as  a 
coating  of  metal  was  deposited  upon  the  glass  the  resistiince  rapidly 
increased,  but  in  a  much  more  marked  degree,  the  residual  gas  in  tbe 
tube  apparently  becoming  absorbed  as  the  deposition  proceeded.  It  was 
necessary  to  let  a  little  air  into  the  tnbe  about  every  30  minutes,  to  * 
reduce  the  vacuum.  This  appears  to  show  that  the  platinum  was 
being  deposited  in  a  porous  spongy  form,  with  great  power  of" 
occluding  the  residual  gas. 

Heating  the  tube  when  it  had  become  in  this  way  non-conducting' 
libei'ated  sufficient  gas  to  depress  the  gauge  of  the  pump  1  mm.,  and 
to  reduce  the  vacuum  so  as  to  give  a  dark  space  of  about  8  mm. 
This  gas  was  not  re-absorbed  on  cooling,  but  on  passing  the  current  for 
ten  miuutes  the  tube  again  refused  to  conduct,  owing  to  absorption. 
The  tube  Avas  again  heated,  with  another  liberation  of  gas,  but  much 
less  than  before,  and  this  time  the  whole  was  re-absorbed  on  cooling. 

The  current  was  kept  on  this  tube  for  25  hours;  it  was  then 
opened,  but  I  could  not  remove  the  deposited  metal  except  in 
small  pieces,  as  it  was  brittle  and  porous.  Weighing  the  brush 
that  had  formed  the  negative  pole  gave  the  following  results  : — 

Grains. 

Weight  of  platinum  before  experiment 101940 

„  after  experiment    8*1570 

Loss  by  volatilisation  in  25  hours 2*0370 

Another  experiment  was  made  similar  to  that  with  gold  and 
platinum,  but  using  silver  as  the  negative  pole,  the  pure  metal  being 
formed  into  a  brush  of  fine  wires.  Less  gas  was  occluded  during  the 
progress  of  this  expei-iment  than  in  the  case  of  platinum.  The  silver 
behaved  the  same  as  gold,  the  metal  deposited  freely,  and  the  vacuum 
was  easily  kept  at  a  dark  space  of  6  mm,  by  the  very  occasional  admis- 
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non  of  a  trace  of  air.  In  20  hours  nearly  3  grs.  of  silver  were 
Tolatilifled.  The  deposit  of  silver  was  detached  withont  difficulty 
from  the  glass  in  the  form  of  brilliant  foil. 


III.  "A  Study  of  the  Plants  Lead-Sulphuric  Acid-Lead  Per- 
oxide Cell,  from  a  Chemical  Stand-point.  Part  I."  By 
G.  H.  Robertson.  Communicated  by  Professor  Armstrong, 
F.R.S.    Received  May  27,  1891. 

(Abstract.) 

The  author,  in  the  inti*oduction,  states  that  though,  since  Frankland 
iu  18S3  published  his  first*'  Contribution  to  the  Chemistry  of  Storage 
Batteries,"  the  capabilities  of  the  Plants  cell  have  been  well  tested 
Vid  are  now  thoroughly  understood,  there  is  still  considerable  uncer- 
tainty as  to  the  precise  nature  of  the  chemical  changes  which  attend 
their  use ;  and  that  it  was  principally  to  study  the  part  played  by  the 
electrolyte  that  the  investigation,  the  results  of  which  are  recorded  in 
this  paper,  was  instituted  about  a  year  ago  at  the  Central  Institution 
at  Dr.  Armstrong's  suggestion,  as  McLeod's  observations  on  the 
electrolysis  of  sulphuric  acid  solutions  led  to  the  supposition  that  the 
uhanges  occurring  in  the  acid  were  probably  less  simple  than  was 
commonly  supposed.     This  supposition  was  verified. 

The  first  section  of  the  paper  deals  with  the  nature  of  the  lead  salt 
formed  during  discharge.  It  is  pointed  out  that,  as  is  well  known,  red 
lead  varies  considerably  in  composition,  generally  containing  a  smaller 
proportion  of  peroxide  than  is  represented  by  the  formula  PbsOi  = 
Pb032PbO ;  and  that  with  nitric  acid  it  behaves  as  though  it  were  a 
mixture  of  the  two  oxides,  the  nitric  acid  always  dissolving  out  the 
monoxide.  There  is  no  reason  why  sulphuric  acid  should  not  behave 
Bimilarly,  and,  since  lead  sulphate  is  but  very  slightly  soluble,  red 
lead  may  be  expected  always  to  yield  a  corresponding  sulphate,  i.e.,  a 
mixture  of  peroxide  and  sulphate,  containing  an  amount  of  sulphate 
corresponding  to  the  amount  of  monoxide  originally  present  in  com- 
bination with  the  peroxide.  At  Dr.  Armstrong's  request  a  number  of 
3xperiments  were  made  at  the  Central  Institution  (long  prior  to  the 
reading  of  Messrs.  Gladstone  and  Hibbert's  papers)  by  two  students, 
Kfessrs.  Briggs  and  Ingold,  on  various  samples  of  red  lead,  with  the 
result  that  the  sulphate  formed  always  corresponded  to  the  monoxide 
iriginally  present. 

As  no  proof  of  the  existence  of  a  definite  homogeneous  sulphate 
x>rresponding  to  red  lead  can  be  afforded  by  analysis  alone,  evidence 
nasi  be  obtained  that  the  product  difiers  in  some  of  its  pro^rtve^ 
rom  a  mixture. 
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It  was  to  be  expected  that  tbe  E.M.F.  of  an  oxysulpliate  woald 
differ  from  that  of  a  corresponding  miztore  of  snlpbate  and  peroxide, 
and  have  some  definite  valne ;  therefore  pastes  were  made  of  peroxide 
of  lead,  peroxide  of  lead  and  sulphate  in  tbe  proportions  of  1  to  1  and 
1  to  2,  and  also  from  the  product  obtained  by  treating  red  lead  with 
dilute  sulphuric  acid  (1  to  5).  Experiments  made  with  these  pastes 
showed  that  there  was  a  difference  of  degree  only  between  the  red 
lead  pastes  and  the  mixtures,  and  that  the  lowering  of  the  E.M.F. 
appeared  to  depend  i*ather  on  the  intimacy  of  the  mixture,  and  con- 
sequent thorough  coating  of  the  peroxide  granules  with  sulphate,  than 
on  the  proportion  of  sulphate  present. 

Mr.  Desmond  Fitzgerald  had  already  shown,  in  1887,  at  the  Institu- 
tion of  Electrical  Engineers,  that  the  mere  admixture  of  lead  sulphate 
with  peroxide  of  lead  produces  a  lowering  of  the  E.M.F. 

With  regard  to  Frankland's  observations  respecting  the  colour  of 
the  product  formed  on  the  peroxide  plate  during  discharge  and  the 
reducibilitj  of  the  sulphate,  the  author  points  out  that  the  colour  is 
due  to  the  incomplete  reduction  of  the  peroxide,  owing  probably  to 
the  almost  complete  blocking  up  by  lead  sulphate  of  the  pathways  by 
which  the  current  travels  through  the  electrolyte  in  the  paste ;  that 
cai*eful  examination  of  the  plugs  from  a  discharged  cell  shows  that 
the  base  consists  of  practically  unaltered  peroxide  of  lead,  and  that  the 
surface,  which  is  rich  in  PbSOi,  is  really  a  mass  of  partially  reduced 
granules  of  peroxide  of  lead  which  are  coated  with  sulphate. 

Also,  though  pure  lead  sulphate  is  very  difficult  to  i-educe,  it  is  very 
well  known  that  mixtures  of  lead  sulphate  and  peroxide  of  lead,  or 
other  conducting  substances,  are  reduced  with  comparative  ease,  and 
it  is  very  intimate  mixtures  of  this  nature  which  have  to  be  dealt 
with  as  a  rule  in  charging  a  cell. 

In  conclusion,  the  author  points  out : — 

That  neither  chemical  nor  electrical  tests  give  any  ground  for  sup- 
posing that  any  other  sulphate  than  the  ordinary  white  PbS04  is 
concerned  in  the  interactions  occurring  in  the  cell ; 

That  were  the  sudden  lowering  of  the  E.M.F.  caused  by  a  change 
in  the  nature  of  the  chemical  compounds  formed  on  the  plates,  it  is 
very  difficult  to  account  for  the  very  rapid  recovery  of  the  E.M.F. 
exhibited  by  an  apparently  discharged  cell. 

In  the  second  section  the  electrolyte  is  dealt  with,  and,  after  refer- 
ring to  the  work  of  Berthelot,  Kicharz,  Schone,  Traube,  and  others 
on  the  electrolysis  of  sulphuric  acid  solutions,  the  author  describes 
experiments  made  to  test  the  effect  of  the  addition  of  sodium  sulphate 
to  the  electrolyte,  as,  from  information  received  from  Mr.  Bai*ber 
Starkey,  it  seemed  probable  that  the  different  behaviour  of  cells  con- 
taining sodium  sulphate  was  due  to  the  catalytic  action  of  this  salt 
on   the  hydi*ogen  dioxide  always  found  in  electrolysed  acid  of  the 


1891.1  Plants  Cell  from  a  Chemical  Stand-point  107 

strength  used  in  batteries,  and  which  is  probably  formed  by  secondary 
action  from  persnlphoric  acid. 

Mr.  Preece  most  kindly  aided  the  invcRtigation  by  allowing  experi- 
ments to  be  carried  ont  at  the  General  Post  Office,  where  one-half  of 
the  secondary  cells  contain  1  per  cent,  of  sodium  sulphate  and  the 
other  half  ordinary  dilate  acid,  sp.  gr.  1180.  He  also  put  at  the  dis- 
posal of  the  author  the  records  of  the  behaviour  of  the  cells,  and  as 
they  showed  that  there  was  much  less  sulphating  with  sodium 
sulphate,  as  shown  by  the  sp.  gr.  never  falling  to  the  same  extent  as 
in  the  plain  cells,  but  that  the  general  character  of  the  changes  in 
temperature  and  in  sp.  gr.  during  charge  and  discharge  were  the 
same  in  both  types  of  cell,  and  of  the  nature  which  the  work  of  Pro- 
fessor Ayrton  and  others  has  rendered  familiar  to  all,  it  was  only  the 
distribution  of  temperature  and  of  sp.  gr.  which  was  investigated,  and 
this  was  found  to  be  very  irregular. 

It  was  found  that  the  addition  of  sodium  sulphate,  in  about  the 
proportion  of  1  per  cent.,  to  freshly  electrolysed  acid,  or  during 
electrolysis,  always  produced  a  diminution  in  the  total  quantity  of 
"  active  oxygen,"  and  brought  the  amount  present  in  the  plain  cells 
down  almost  exactly  to  that  found  in  the  sodium  sulphate  cells. 

Experiments  on  the  growth  of  the  "  peroxides  "  were  carried  on 

daring  five  charges  and  discharges,  but  only  the  figures  relating  to 

the  first  discharge  are  given,  as  the  other  charges  and  discharges  are 

mere   repetitions.      The  peroxides   form    at   once,   then  undergo   a 

diminution,  and  then  increase  again.     The  alteration  in  the  totals  is 

due  mainly  to  actions  occurring  at  the  lead  plate  in  the  plain  cell,  as 

at  the  peroxide  plate  the  amounts  steadily  increase ;  in  the  sodium 

Sulphate  electrolyte  there  is  a  diminution  at  both  plates,  followed  by 

an  increase. 

Determinations  were  made  of  the  amounts  of  "  active  oxygen " 
present  as  persulphuric  acid  and  hydrogen  dioxide  respectively,  and 
it  was  established  that  acid  taken  from  the  cell  reduced  peroxide  of 
lead.  The  presence  of  hydrogen  dioxide  being  thus  established  both 
directly  and  indirectly,  its  efPect  on  the  E.M.F.  of  a  cell  was  tested. 
It  was  found  that,  while  its  addition  to  the  acid  in  the  case  of  a  lead 
peroxide  couple  in  dilute  sulphuric  acid  produced  an  annulment  or 
reversal  of  the  E.M.F.,  the  introduction  of  hydrogen  dioxide  into  the 
body  of  the  peroxide  paste  produced  an  increase  of  E.M.F.  in  the  case 
of  a  platinum-lead  peroxide  couple. 

The  latter  experiment  was  made  with  a  view  of  reproducing,  if 
possible,  the  conditions  of  a  cell  which  is  started  discharging  directly 
it  is  fully  charged,  and  in  which  the  persulphuric  acid  formed  at  the 
positive  during  charge  may  be  supposed  to  break  up  with  the  forma- 
tion of  hydrogen  dioxide  on  the  cessation  of  the  c\iaTg\i\^  c\ttt^Ti\.^ 
thereby  increasing  the  normal  E.M.F.  of  the  cell. 
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The  canse  of  the  pink  colour  of  the  acid  noticed  by  Mr.  Crompton 
and  others  was  investigated,  and  found  to  be  permanganic  acid, 
formed  probably  from  the  manganese  present  in  commercial  lead. 

In  conclnsion,  the  author  points  out : — 

That  '*  peroxides "  are  found  in  appreciable  quantities  in  the 
electrolyte  during  charge  and  discharge  ; 

That  their  influence  must  not  be  neglected  in  considering  the 
behaviour  of  the  Plants  cell ; 

And  that  it  is  to  the  electrolyte  rather  than  to  the  plates  that 
attention  must  be  directed  if  any  considerable  improvement  is  to  be 
effected. 

I V.  **  A  Study  of  the  Plants  Lead-Sulphuric  Acid-Lead  Peroxide 

Cell,  from  a  Chemical  Stand-point.     Part  II. — A  Discussion 

of  the  Chemical  Changes  occurriug  in  the  Cell."     By  H.  E. 

Armstrong,    F.R.S.,  and  G.    H.    Robertson.      Received 

June  4,  1891. 

(Abstract.) 

The  authors  arrive  in  this  paper  at  the  following  conclusions: — 

1.  That  the  cooling  observed  in  the  Plants  cell  can  only  be  ex- 
plained as  resulting  from  the  dissociation  of  the  dilute  sulphuric  acid ; 
and  as  the  values  given  by  Messrs.  Ayrton,  Lamb,  Smith,  and  Wood 
are  in  practical  agreement  with  those  calculated  on  the  assumption 
that  the  acid  used  is  sulphuric  acid  itself,  H2S04,  that  in  all  proba- 
bility such  acid  and  not  the  dilute  acid  contained  in  the  cell  is  opera- 
tive throughout. 

2.  That  the  observed  loss  in  efficiency  cannot  be  due  to  temperature 
changes,  as  these  arise  through  actions  occurring  out  of  circuit. 

3.  That  it  is  difficult  from  a  comparison  of  calculated  with  observed 
values  of  the  E.M.F.  to  arrive  at  any  final  conclusion  as  to  the  exact 
nature  of  the  changes  which  take  place  in  the  cell.  On  the  assump- 
tion that  sulphating  occurs  at  both  plates  in  circuit  and  under  the 
influence  of  H2SO4,  the  calculated  value  is  considerably  too  high ; 
while,  if  sulphating  occur  only  at  the  lead  plate,  the  value  calculated 
is  far  too  low. 

4.  That  a  counter  E.M.F.  of  about  0  5  volt  would  account  for  the 
observed  departure  from  the  highest  calculated  value.  As  peroxides 
are  always  present  in  the  electrolyte,  it  is  conceivable  that  such  a 
counter  E.M.F.  may  exist ;  moreover,  there  is  also  the  possible  in- 
fluence of  the  lead  support  to  be  considered. 

5.  That  the  observed  loss  of  efficiency  is  to  be  attributed  to  the 
formation  of  peroxides  in  the  electrolyte,  and  to  the  excessive  sulphat- 
ing occurring  chiefly  at  the  peroxide  plate  in  the  local  circuit  existing 
between  the  support  and  the  paste. 
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V.  •'  On  the  Influence  of  Temperature  upon  the  Magnetisation 
of  Iron  and  other  Magnetic  Substances."  By  Henry 
Wilde,  F.R.S.     Received  May  8,  1891. 

In  my  paper  on  the  "  TJnsym metrical  Distribution  of  Terrestrial 
Magnetism,"*  it  was  shown  that  by  heating  small  surfaces  of  the  thin 
sheet  iron  entirely  covering  the  ocean  areas  of  the  mapped  globe 
strong  magnetic  polarity  was  induced  at  the  heated  parts,  just  as 
when  the  magnetic  continuity  of  the  iron  was  inteiTupted  by  cutting 
through  the  same  parts  of  the  iron  in  an  equatorial  direction. 
Although  this  experiment  appeared  to  me  to  demonstrate  conclusively 
that  the  magnetic  power  of  iron  was  reduced  by  heating  at  compara- 
tively low  temperatures,  and  with  small  magnetising  forces,  yet,  from 
the  contradictory  results  which  have  been  obtained  by  other  experi- 
ment'ers  on  the  magnetisation  of  heated  iron,  directly  opposite  con- 
clusions as  to  the  magnetic  intensities  of  the  land  and  ocean  areas 
respectively  might,  with  some  reason,  be  drawn  from  those  which  I 
had  arrived  at. 

Barlow,  in  an  interesting  paper  on  the  magnetic  behaviour  of 
heated  iron,t  refers  to  the  discordant  opinions  which  prevailed 
on  this  subject  among  natural  philosophers  from  the  17th  century  to 
his  time,  and  assigned  the  cause  of  these  discordances  to  the  obser- 
vations being  made  with  iron  at  different  degrees  of  heat. 

Barlow  found  that  the  magnetic  power  of  the  bars  of  iron  which  he 
experimented  upon,  as  measured  by  the  deflections  of  a  compass  needle, 
increased  with  the  temperature  up  to  a  dull  red  heat,  at  which  it  was 
the  strongest ;  but,  at  a  bright  red  heat,  all  magnetic  action  of  the 
iron  suddenly  disappeared.  Scoresby,J  Christie,§  and  others  had  also 
noted  a  similar  increase  in  the  magnetic  power  of  iron  with  increase 
of  temperature,  when  measured  by  the  same  means. 

Faraday,  on  the  other  hand,  has  described  experiments  to  show 
that  the  magnetic  power  of  iron  diminishes  with  increase  of  tempera- 
ture. ||  He  also  found  that  iron  at  a  bright  red  heat  was  not  entirely 
insensible  to  the  action  of  large  magnetising  forces. 

More  recently,  Rowland,1[  Baur,**  and  Hopkinson,tt  by  the  em- 
ployment of  electro-dynamic  methods,  have  also  found  an  increase  in 

•  *  Koy.  Soc.  Proc.,'  Jannary  22,  1891. 
t  *Pha.  Trans.,'  1822,  p.  117,  &c. 

I  *  Edinburgh  Eoy.  Soc.  Trans.,*  vol.  9,  Part  I. 

§  Chrifltie  on  Effects  of  Temperature,  &c.,  *  Phil.  Trans.,'  1825,  p.  62,  &c. 

II  *  Phil.  Mag.,'  1836,  vol.  8,  p.  177 ;  *  PhU.  Trans.,'  1846,  p.  41. 
f  *  Phil.  Mag.,'  1874,  vol.  48,  p.  321. 

•♦  'Wiedemann,  Annalen,'  vol.  11,  1880,  p.  403. 
ft  *  PhU.  Trans./  A,  1889,  vol.  ISO,  p.  4i3, 
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the  magnetic  power  of  iron  with  increase  of  temperatiire.  These 
experimenters  were,  however,  the  first  to  recognise  that  the  apparent 
increase  of  the  magnetic  power  of  iron,  np  to  the  dnll  red  heat,  onlj 
held  good  for  small  magnetising  forces,  and,  farther,  that  the  power 
diminished  for  large  magnetising  forces  with  ascending  tempera- 
tnres. 

Rowland  extended  his  observations  to  the  magnetisation  of  nickel 
and  cobalt,  and  found  that  the  magnetic  behaviour  of  these  metals 
with  increase  of  temperature  was  the  same  as  that  observed  in 
iron. 

Experiments  have  also  recently  been  made  hj  Professor  Riicker* 
on  the  effects  of  temperature  on  the  natural  magnet  (magnetite),  and 
he  has  found,  by  means  of  an  extremely  sensitive  instrument,  that 
the  magnetic  power  of  this  mineral  increases  as  the  temperature 
rises,  as  in  the  case  of  iron. 

The  important  bearing  which  the  inflaence  of  temperature  has  upon 
the  phenomena  of  terrestrial  magnetism  induced  me  to  undertake 
an  investigation  into  the  causes  of  the  conflicting  results  obtained  by 
those  physicists  who  have  preceded  me  in  this  research,  with  the  hope 
also  that  I  might  be  able  to  extend  still  farther  our  knowledge  of 
magnetic  substances,  especially  in  their  relation  to  terrestrial 
physics. 

The  apparatus  used  in  the  investigation  consisted  of  a  bar  electro- 
magnet, formed  of  a  cylinder  of  iron  24  inches  in  length  and  35 
inches  in  diameter.  The  electro-magnet  was  placed  in  a  vertical 
position,  with  its  lower  end  screwed  firmly  into  a  massive  base  of 
cast  iron.  The  tipper  end  of  the  core  was  furnished  with  a  short 
cylinder  of  iron,  of  the  same  diameter  as  the  core,  and  having  a 
conoidal  termination,  which  constituted  the  pole  of  the  magnet. 

The  magnetometer  was  a  plain  cylindrical  needle,  4  inches  long 
and  0*13  inch  in  diameter,  suspended  from  a  single  fibre  of  un- 
twisted silk.  The  needle  received  a  charge  of  magnetism  sufficient 
to  support  fourteen  times  its  own  weight  from  either  pole,  and  was 
thickly  covered  with  spun  silk  to  prevent  the  weakening  of  its  mag- 
netism by  close  proximity  to  the  heated  substances  under  examina- 
tion. 

The  iron  experimented  upon  was  a  cylindrical  bar  of  good  mal- 
leable iron,  6  inches  long  and  07  inch  in  diameter.  One  end  of 
the  iron  bar  was  drilled  through  its  diameter  to  receive  a  strong  irom 
pin,  which  projected  crosswise  on  each  side  of  the  bar  for  the  purpose 
of  dropping  it  readily,  when  heated,  into  a  stirrup  placed  over  th© 
electro-magnet.  Several  of  these  bars  were  prepared  from  the  same 
rod  of  iron,  to  replace  those  which  were  reduced  in  thickness  hy 
fusion  and  oxidation,  as  well  as  for  other  experiments. 

•  'Boy.  Soc.  Proc.,'  1890,  vol.  48,  p.  622. 
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The  iron  bar,  with  its  stirrnp,  was  pendent  from  the  end  of  a 
balanced  lever  placed  over  the  pole  of  the  electro-magnet,  while  the 
arm  of  the  lever,  on  the  other  side  of  the  fnlcmm,  was  weighted  with 
a  sliding  weight,  or  with  variable  weights,  to  balance  the  attractive 
force  of  the  iron  when  in  contact  with  the  electro-magnet. 

For  the  measurement  of  smaller  magnetic  forces,  a  special  balance 
was  constmoted  which,  besides  balancing  forces  up  to  15  lbs.,  would 
turn  with  a  weight  of  less  than  half  a  grain. 

Preliminary  experiments  were  made  upon  the  bar  by  placing  it, 
when  cold,  in  the  direction  of  the  dip,  with  one  of  its  ends  at  a 
definite  distance  from  the  magnetometer,  and  in  the  same  horizontal 
plane.  When  in  this  position,  the  magnetic  force  of  the  iron  bar,  aug- 
mented bj  the  earth's  magnetism,  produced  a  deflection  of  the  needle 
from  the  magnetic  meridian  of  20^. 

The  bar  was  then  heated  to  bright  redness,  and  replaced  in  the 
same  position  as  before,  when  all  the  phenomena  described  by 
Barlow  were  reproduced.  The  heated  bar  had  no  perceptible  action 
on  the  magnetometer,  but  on  cooling  down  to  a  less  red  heat  the 
magnetic  action  of  the  iron  began  to  manifest  itself,  gradually  at 
first,  and  then  very  rapidly,  till  the  deflection  of  the  needle,  which 
was  20**  with  the  cold  iron,  now  advanced  to  43',  thereby  showing  an 
increase  of  the  magnetic  power  of  the  iron  at  this  temperature.  On 
the  further  cooling  of  the  bar,  the  magnetic  action  of  the  iron 
gradually  diminished,  till  the  same  deflection  of  the  needle  was 
obtained  as  at  the  commencement  of  the  experiments. 

The  increase  in  the  magnetism  of  the  bar,  as  shown  by  this  experi- 
ment, although  greatly  augmented  by  the  earth's  magnetism,  was, 
however,  very  feeble  ;  for  when  the  bar  was  placed  horizontally  at  the 
same  distance  from  the  needle  the  deflection  was  only  increased  5^  by 
heating  it  to  the  temperature  most  favourable  to  its  magnetisation ; 
and  no  increase  of  magnetism  could  be  perceived  when  a  small 
dlectro-magnet,  however  feebly  excited,  was  brought  into  direct 
Contact  with  the  heated  iron. 

The  bar  was  again  heated  to  incipient  whiteness,  and  placed  over  the 
pole  of  the  electro-magnet.  As  the  cooling  proceeded,  observations 
•rere  taken  of  the  intervals  of  time  required  before  the  magnetic 
torce  was  sufficient  to  cause  the  bar  to  adhere  to  the  pole  of  the 
B^lectro-magnet  for  each  definite  increase  of  weight  on  the  lever. 

The  colour,  and  several  shades  of  colour,  of  the  heated  iron  above 
visible  redness,  progressing  towards  the  orange  and  yellow,  are 
expressed  in  wave-lengths  of  well-known  spectral  lines  of  the 
iUkaline  and  alkaline  earth  metals  in  the  arc  spectrum,  as  observed 
'through  a  direct-vision  spectroscope  of  five  prisms.  Below  these 
"^mperatnres,  I  have  selected  the  melting  points  of  zinc  (441**  CL.'^ 
^nd  tin  (230*  C),  small  fragments  of  which  motala  cou\d\>^  ^xo^^^^ 
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into  a  cavity  formed  in  the  upper  end  of  the  bar.  These  temperatureB 
were  afterwards  verified,  and  similar  results  obtained,  when  the  bar 
was  plunged  into  crucibles  of  the  melted  metals.  The  temperatare 
of  100*  C.  was  determined  by  plunging  the  bar  into  boiling  water 
during  the  period  of  cooling.  For  temperatures  below  zero,  a  bath  of 
solid  carbonic  acid  and  ether  was  employed,  into  which  the  bar  was 
placed  until  it  was  cooled  down  to  —  76"  C.  The  refrigerating  arrange- 
ment was  so  effective,  from  the  large  supply  of  solid  carbonic  acid 
at  my  disposal,  that  a  globule  of  mercury  placed  in  the  cavity  at  the 
upper  end  of  the  bar  remained  solid  several  minutes  after  the  comple- 
tion of  the  experiment. 

All  the  experiments  detailed  in  the  following  table  wore  made  with 
descending  temperatures,  as  strictly  concordant  results  were  not 
obtained  with  definite  increments  of  heat,  especially  for  the  lower 
ranges. 

The  electro-magnet  was  excited  by  a  constant  current  of  20 
amperes. 

Table  I. 


Temperatures  of  bar. 

Tractive  force. 

Times  oi 
m. 

•  cooling. 

X 

IbK. 

s. 

Yellow,  Na  5895 

0  002 

0 

00 

Orange,  Ba  6141 

0-008 

0 

13 

Ked,  Ba  6496 

10 

0 

20 

n 

6  0 

0 

11 

„      Li  6705 

12  0 

0 

8 

., 

18  0 

0 

14 

„      Ka  6946 

24  0 

•    0 

22 

j> 

30  0 

0 

29 

„      Rb  7800 

36  0 

0 

49 

+  442^0. 

42-0 

1 

25 

!              +230°C. 

47  0 

6 

44 

+  100^  C. 

50  0 

8 

20 

+    13°  C. 

52  0 

No  observation. 

-  76°  C. 

1 

53-6 

<» 

Time  of  cooling  froii 

1 

1  A  5895  to  100°  C 

19 

15 

The  principal  result  shown  by  these  experiments  is  the  continued 
diminution  of  the  magnetic  power  of  the  iron,  from  the  lowest  to  the 
highest  temperature  to  which  the  bar  was  subjected. 

As  it  was  of  importance  to  determine  whether  iron  entirely  loses 
its  magnetic  power  by  heating,  the  temperature  of  one  of  the  bars  was 
raised  to  incipient  fusion ;  but  when  the  bar  was  carefully  balanced 
there  still  remained  in  it  a  measui'able  amount  of  magnetic  force 
w}ien  the  eJectro-magnet  was  brought  into  action. 
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The  results  also  show  a  rapid  increase  of  the  magnetic  power  of  the 
bar  from  X  6496  to  X  6705.  This  increase  was  attributed,  in  the  first 
inataiftoe,  to  an  error  of  observation,  bat  on  repeating,  the  experiment 
similar  resnlts  were  obtained.  The  rapid  increment  of  magnetic 
force  in  the  interval  of  cooling  between  these  spectral  lines  may,  there- 
fore, be  regarded  as  a  real  phenomenon. 

In  all  the  experiments  which  have  hitherto  been  made,  where  an 
increase  of  the  magnetic  power  of  iron  with  increase  of  temperature 
has  been  observed,  it  does  not  appear  to  have  been  snspeoted  that  the 
most  of  the  iron,  in  relation  to  the  magnetising  forces  employed, 
might  be  axk  important  factor  in  the  results  obtained,  and  that 
small  magnetising  forces  might  only  penetrate  to  a  small  depth 
below  the  surface  of  the  iron,  when  cold,  till  the  more  central  por- 
tions of  the  mass  were  brought  into  action  by  increase  of  tempera- 
tore.  Several  magnetic  properties  of  iron  and  steel,  however,  point 
to  the  probability  of  this  action  of  weak  magnetising  forces.  Coulomb 
found  that  the  magnetism  of  similar  steel  bars  did  not  increase  in  the 
mtio  of  their  number  when  laid  together,  from  which  it  was  inferred 
that  the  magnetism  diminished  from  the  surface  to  the  centre  of  the 
bars.  Jonle  has  shown  that  a  hollow '  electro-magnet  has  greater 
attractive  force  than  a  solid  one  of  the  same  sectional  area,  with  a 
small  magnetising  current.*  It  is  also  well  known  that  the  dis- 
tribntion  of  magnetism  on  the  polar  surfaces  of  electro-magnets  is 
much  greater  at  the  circumference  than  it  is  at  the  centre. 

That  small  magnetising  forces  penetrate  but  a  small  depth  into  a 
mass  of  iron  was  shown  by  heating  one  of  the  bars  to  redness,  and 
sprinkling  over  its  surface  ferrocyanide  of  potassium,  in  powder, 
before  plunging  the  heated  bar  into  cold  water.  The  conversion  of 
the  Burfiace  of  the  iron  into  steel  by  this  well  known  process  was 
sufficient  to  reduce  the  deflection  of  tiie  needle  from  20""  to  15^,  When 
the  bar  was  placed  in  the  direction  of  the  dip. 

In  addition  to  the  evidence  adduced  of  the  surface  action  of  small 
magnetising  forces  on  a  mass  of  iron,  it  further  appeared  to  me  that 
as  the  time  and  limit  of  magnetisation  of  iron  vary  with  the  mass,  for 
constant  magnetising  currents,  or  that  the  time  and  limit  of  magneti- 
sation are  constant  when  the  magnetising  current  and  mass  vary  in 
proportion,  so  it  also  appeared  to  me  that,  when  the  mass  of  iron  and 
magnetising  foree  were  proportional,  the  diminution  of  the  magnetic 
power  of  iron  with  increase  of  temperature  would  be  constant  for 
small,  as  well  as  for  large,  magnetising  forces. 

That  the  increase  of  the  magnetic  power  of  the  heated  bar,  as 
shown  by  the  magnetometer,  was  caused  by  the  large  mass  of  the 
iron  in  relation  to  tiie  magnetising  foroe  of  the  needle  was  shown 
by  the  following  experiments : — 

•  *Annah  ofEleetrhitj,'  1840,  vol.  4,  p.  60. 
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(a.)  A  small  cylinder  of  iron  wire,  0*2  inch  long  and  0*5  inch 
in  diamecer,  was  moanted  in  a  twisted  loop  formed  at  the  end 
of  a  piece  of  thin  copper  wire.  The  copper  wire  ^vvas  fixed  to  an  arm 
moving  horizontallj,  in  snch  manner  that,  when  the  cylinder  of  iron 
was  brought  into  close  proximity  to  one  pole  of  the  needle,  the  iron 
drew  the  needle  from  the  magnetic  meridian  to  a  point  where 
eqoilibrinm  was  established  between  the  attractive  force  of  the  iron 
and  the  earth's  magnetism.  The  needle  was  then  blocked  a  small 
fraction  of  an  inch  in  advance  and  also  behind  this  position ;  so  that 
any  increase  or  diminntion  of  the  magnetic  power  of  the  iron  would 
limit  the  range  of  the  needle  to  a  fraction  of  an  inch  in  either 
direction. 

When  a  small  gas-fiame,  or  a  lighted  taper,  was  bronght  nnder  the 
cylinder  of  iron  wire  till  it  became  visibly  red  hot,  the  needle  receded 
from  the  iron  towards  the  magnetic  meridian,  thereby  indicating  a 
diminntion  of  the  magnetic  power  of  the  iron  by  the  magnetometer 
which  had  previously  shown  an  increase  in  the  magnetic  action  of 
the  large  bar.  On  removing  the  source  of  heat  from  the  iron,  the 
needle  again  advanced  towards  it.  On  reheating  the  iron,  the  needle 
again  receded,  and  the  operation  could  be  repeated  at  pleasure. 

[That  the  recession  of  the  needle  from  the  heat«d  iron  was  not  doe 
to  the  temperature  being  sufficiently  high  to  render  the  iron  virtually 
non-magnetic  was  shown  by  the  needle  again  advancing  towards  the 
heated  iron  when  brought  into  closer  proximity  to  it  without  change 
of  temperature,  but  no  increase  was  observable  in  the  magnetic  power 
of  the  iron  with  any  increase  of  temperature  above  13°  C. — June  3, 
1891.] 

(h.)  A  small  cylinder  of  steel  was  prepared  from  the  same  piece  as 
that  from  which  the  magnetometer  needle  was  cut,  and  of  the  same 
dimensions  as  the  one  used  in  the  previous  experiment.  All  trace  of 
permanent  magnetism  was  removed  from  the  steel  by  heating  it  to 
bright  redness  in  a  blowpipe  flame,  so  that  either  end  of  the  cylinder 
when  cold  was  attracted  indifferently  by  the  same  pole  of  the  needle. 
When  the  steel  was  submitted  to  the  process  of  heating  and  cooling 
in  proximity  to  the  magnetometer,  as  in  experiment  (a),  its  magnetic 
behaviour  was  the  same  as  that  observed  with  the  iron. 

The  increase  of  magnetic  power  in  the  iron  and  steel,  during  the 
period  of  cooling,  appeared  to  come  on  gradually,  in  the  same  manner 
as  the  magnetic  power  of  the  bar  in  relation  to  the  large  electro- 
magnet: and  both  experiments  show  decisively  that  the  magnetic 
power  of  iron  diminishes  with  increase  of  temperature  for  small,  as 
well  as  for  large,  magnetising  forces. 

(c.)  A  fi'agment  of  the  natural  magnet  (magnetite),  weighing  2 

grains,  was  detached  from  a  compact  and  well  crystallised  mass  of  this 

minetnl     The  magnetite  was  heated  to  bright  redness  to  remove  all 
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trace  of  polarity,  and  care  was  taken  to  prevent  new  polarities  being 
given  to  it  by  accidental  contact  with  the  needle.  On  heating  the 
magnetite  in  the  wire  loop,  as  in  experiment  (a),  the  inflaence  of 
temperature  was  more  marked  than  with  the  iron,  as  the  needle 
receded  towards  the  magnetic  meridian  before  the  magnetite  was 
▼ifdblj  red-hot,  and  advanced  again  very  readily  when  the  source  of 
heat  was  removed. 

(<2.)  A  small  rectangalar  prism  of  nickel,  0*2  inch  long  and  0'05  inch 
across  the  sides,  was  snbmitted  to  the  magnetometer  as  in  the  previous 
experiments,  when  the  increase  of  temperature  in  diminishing  the 
magnetic  power  of  the  nickel  was  most  pronounced  at  the  temperature 
of  melted  tin,  and  the  metal  became  quite  insensible  to  the  needle  at 
a  point  much  below  the  red  heat. 

(e.)  A  rectangular  prism  of  pure  cobalt,  of  the  same  dimensions 
as  that  use;d  in  the  previous  experiment,  was  submitted  to  the  action 
of  the  magnetometer,  when,  contrary  to  expectation,  the  needle 
advanced  towards  the  cobalt  before  it  became  visibly  red-hot,  and 
remained  stationary  when  the  temperature  was  raised  to  redness ; 
thereby  showing  an  increase  of  magnetic  power  of  the  cobalt  with 
increase  of  temperature. 

The  magnetic  behaviour  of  the  cobalt  was  so  remarkable  as  to 
induce  me  to  make  further  experiments  upon  the  metal  with  more 
powerful  magnetising  forces. 

A  cube  of  pure  cobalt  from  the  Chemical  Museum  of  the  Owens 
College  was  kindly  placed  at  my  disposal  for  these  experiments  by 
Professor  H.  B.  Dixon,  F.R.S.  The  cube  was  0*3  inch  across 
the  sides,  and  a  short  piece  of  platinum  was  screwed  into  the  centre 
of  one  of  its  faces  for  suspension  from  the  balance  over  the  large 
electro-magnet.  The  temperature  of  the  cube,  below  the  red  heat, 
was  determined  by  the  fusion  of  small  fragments  of  zinc  and  tin, 
placed  in  a  conical  recess  drilled  into  the  upper  face  of  the  cube. 

Similar  cubes  of  nickel  and  malleable  iron  were  prepared  for  com- 
parison with  the  results  obtained  with  the  cobalt. 

The  method  of  experimenting  was  as  follows: — The  cube  of 
magnetic  metal  was  suspended  over  tbe  electro-magnet,  excited  by  a 
current  of  20  amperes,  and  while  in  this  position  was  heated  by  an 
oxy hydrogen  flame  until  the  requisite  temperature  was  attained. 
The  cube  was  then  quickly  brought  into  contact  with  the  pole  of  the 
electro-magnet,  without  any  intermission  of  the  heating  blast,  and 
the  magnetic  force  was  measured  by  the  weight  required  to  detach 
the  cube  from  the  electro-magnet.  The  cube  was  reduced  to  the 
temperature  of  —76**  C.  by  immersing  it  in  a  bath  of  solid  carbonic 
ftcid  and  ethei*,  whilst  suspended  over  the  electro- magnet. 

The  results  of  these  experiments  with  the  magnetic  mQid\%  ^t^ 
^iven  below  :— 

\  'I 
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Table  II. 


Temperatureo. 

TractiTe  force  in  ibo. 

Iron. 

NickeL 

Cobalt 

Orange,  Ba  6141 
Bed,  Ba  6496 
„     Bb  7800 
+  442"a 
4  230^*0. 
+   13°  C. 
!              -  76°C. 
I 

0*0306 
002  . 
9*60 

11-00 

12-60 

12-76 

12-87 

0-0002 
0*0008 

0-poi 

0-024 
2-000 
8*125 
8-812 

0-08 
6-00 
6*81 
7-26 
6-76 
6*81 
6*12 

The  principal  feature  of  interest  in  tlie  table  is  the  same  inversion 
of  the  magnetic  power  of  the  heated  cnbe  of  cobalt,  in  relation  to 
iron  and  nickel,  as  was  obtained  by  the  minute  force  of  the  magneto- 
meter needle  acting  upon  the  small  prism  of  the  same  metal.  The 
increase  of  the  magnetic  power  of  the  heated  cube  was,  however, 
much  greater  relatively  with  smaller  magnetising  forces ;  for,  while 
the  ratio  of  increase  with  20  amperes  of  current  was  as  1  :  1-15 
between  13°  C.  and  442''  C,  the  ratio  with  3  amperes  was  as  1  :  1*6 
between  the  same  temperatures. 

The  abruptness  of  the  change  in  the  magnetic  condition  of  iron, 
nickel,  and  cobalt,  observed  by  Faraday,*  at  what  is  now  aptly 
termed  the  critical  temperature,  is  also  well  seen  in  the  table. 

Following  up  the  results  of  the  experiments  which  showed  that 
the  apparent  increase  in  the  magnetic  power  of  heated  iron  was 
dependent  upon  the  mass  in  relation  to  the  magnetising  force,  it 
appeared  to  me  that  heated  cobalt  might  show  a  diminution  of  mag« 
iietic  power,  as  in  the  case  of  iron  and  nickel,  if  a  sufficiently  large 
magnetising  force  were  brought  to  bear  upon  a  minute  quantity  of 
the  metal,  notwithstanding  that  it  had  so  far  shown  an  inci'ease  of 
power  for  large,  as  well  as  for  small,  magnetising  forces. 

A  minute  cylinder  of  cobalt,  006  inch  long,  0*05  inch  in  diameter, 
and  ^  grain  in  weight,  was  formed  from  a  piece  of  the  same  cube  of 
the  metal  used  in  the  previous  experiments.  A  small  hole  was 
drilled  up  the  end  of  a  thick  piece  of  copper  wire  iu  the  direction  of 
its  axis,  into  which  the  cylinder  of  cobalt  was  driven  tightly  for 
nearly  the  whole  of  its  length.  An  eye  was  formed  at  the  other  end 
of  the  copper  wire  for  suspending  the  cobalt  over  the  electro- 
magnet. 

Similar  cylinders  of  iron  and  nickel  were  formed  from  the  cubes 

•  'PhiJ.  Mag.,'  1836,  vol.  8,  p,  177-,  ibid.,  1846,  vol.  27,  p.  1. 
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mted  with,  and  monated  for  giiBpension  oyer  the  eleotro- 

n  tiie  same  manner  as  the  cylinder  of  cohalt. 

it  end  of  the  electro-magnet  was  snrmonnted  bj  a  cone  <yf 

ches  high  and  3  inches  in  diameter  at  the  \na^,  with  the  apex 

to  form  a  pole  0*1  inch  in  diameter. 

test  of  the  magnetic  intensity  at  the  pole  of  the  eleetro- 

the  little  cylinder  of  iron  was  suspended  from  the  balance, 

e  tractive  force  was  0*601  lb.  with  20  amperes  of  current, 

eqnal  to  305  lbs.  per  square  inch  of  section,  or  more  thUn 

mes  the  weight  of  the  iron. 

the  cobalt  was  submitted  to  the  same  mag^tisiiig  fbroe  as 
the  tractive  force  at  IS""  C.  was  0*304  lb.,  which  is  equal  to 

per  square  inch  of  section,  or  8000  times  the  weight  of  the 

of  cobalt. 

uting  the  cobalt,  whilst  suspended  over  the  electro-magnet,  a 
diminution  of  the  magnetic  power  of  the  metal  was  now 
from  13*  C,  as  in  the  case  of  iron  and  nickel,  the  tractive 

oinishing  from  0*304  lb.  at  13""  C.  to  0*296  lb.  at  442*"  C. 

BSnlts  of  the  experiments  with  the  minute  cylinders  of  the 

s  metals  are  given  below  : — 

Table  III. 


tares. 

Tnctiye  force 
with  current 
B  6  amperes. 

Tractiye  force 

with  current 

B  20  amperes. 

Traotive  force 

per  sq.  in. 

with  current 

«>  20  amperep. 

• 

Ratio  of 

tractive  force 

to  weight  of 

metels. 

lb. 

lb. 

lbs. 

0. 

0. 

0-390 
0-437 

.0-547 
0  601 

305 

17000 

0. 

D. 

0-001 
0-064 

0-003 
0  127 

04 

3^00 

106 

C. 

c. 

0109 
0-166 
0-140 

0-172 
0  296 

0-304 

1 

154 

8000 

bhe  property  of  the  anomalous  increase  of  the  magnetic  power 
eated  cobalt  was  broken  down  by  the  intensity  of  the  mag- 
ce  and  the  diminution  of  the  mass  conjointly,  as  in  the  case 
cnall  and  lai^e  bars  of  iron,  was  further  shown  by  submitting 
)  cylinder  of  cobalt  to  the  action  of  the  electro-magnet  excited 
p^res  of  current,  when  the  tractive  force  of  the  \iea>\AdL  cc^a8\V> 
eased  from  0140  lb.  at  13'  C.  to  01 56  lb.  at  4A2f'  C. 


118  F^-ettenU.  [June  11, 

On  comparing  the  traofciye  force  of  the  cobalt  with  thftt  of  iron, 
each  with  5  amperes  of  current,  it  will  be  seen  from  the  table  that  it 
was  still  very  high,  being  no  less,  for  the  iron,  than  0'437  lb.  = 
222  lbs.  per  square  inch  of  section,  or  more  than  12,000  times  its  own 
weight.  Altbongh  this  amount  of  tractiye  force  is  greater  than  any 
so  far  recorded  for  iron,  jet  the  magnetisiog  force  waa  not  sufficient 
to  break  down  the  property  of  the  increase  of  magnetic  force  of  the 
heated  cobalt.  It  is  well,  however,  that  I  should  point  out  that  the 
property  only  pertains  in  the  highest  degree  to  the  metal  when  in  a 
state  of  purity,  as  several  of  the  specimens  experimented  upon,  from 
different  souroes,  only  exhibit  the  property  in  a  feeble  manner,  the 
diminution  being  due  to  the  presence  of  iron  in  the  cobalt. 

As  the  determination  of  the  limit  of  the  magnetisability  of  iron  by 
different  methods  is  of  some  importance  to  magnetical  science,  an 
experiment  was  made  on  a  cylinder  of  annealed  charcoal  iron  wii« 
0*2  inch  long,  O'Oo  inch  in  diameter,  and  j  grain  in  weight.  The 
cylinder  was  driven  up  the  end  of  a  thick  copper  wire  for  the  purpose 
of  suspension  as  in  the  previous  experiments.  The  tractive  force  of 
this  specimen  of  iron  at  13**  C,  with  40  amperes  of  current,  was 
0*75  lb.,  which  is  eqnal  to  381  lbs.  per  square  inch  of  section,  or 
7000  times  the  weight  of  the  iron. 

That  the  limit  of  magnetisability  was  virtually  arrived  at  in  this 
experiment  was  shown  by  reducing  the  current  to  20  amperes,  when 
the  tractive  force  remained  at  0*734  lb.  =  373  lbs.  per  square  inch  of 
section,  or  only  8  lbs.  less  per  square  inch  than  the  tractive  force 
obtained  with  40  amperes  of  current. 
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.      June  18, 1891. 
Sir  WILLIAM  THOMSON,  D.C.L.,  LL.D.,  President,  in  the  Chair. 

The  Presents  reoeired  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

Professor  Daniel  John  Cnnningham,  Professor  Percy  Faradagr 
Frankland,  and  Mr.  William  Napier  Shaw  were  admitted  into  the 
Society. 

The  following  Papers  were  read : — 

I.  **  Results  of  Hemisection  of  the  Spinal  Cord  in  Monkey^ 

By  Frederick  W.  Mott,  M.D.,  B.S.,  M.R.C.P.    Commu 

cated  by  Professor  Sohafbr,  F.R.S.    Received  June 

1891. 

(Abstract.) 


While  engaged  in  studying  experimentally  the  connexions  of 
cells  of  Clarke's  coinmn  with  the  ascending  tracts  of  the  spinal 
in  the  monkey,  I  was  surprised  to  find  that  after  hemisection  in 
lower  dorsal  region   the  sensory  disturbances  produced  in  no  w 
corresponded  with  those  already  obtained  by  eminent  observers. 

I  was,  therefore,  led  to  continue  my  experiments,  and,  by  the 
permission  of  Professor  Schafer,  I  carried  them  out  in  the  Physi 
logical  Laboratory  of  University  College.     My  thanks  are  also  due  'i^ 
him  for  much  valuable  advice  and  assistance. 

The  subject  is  one  of  great  importance  from  a  scientific,  as  well  as 
from  a  clinical,  point  of  view.  Some  years  ago,  a  case  occurred  in  my 
practice  which  tended  to  shake  my  faith  in  the  absolute  truth  of  tbe 
doctrine  of  complete  and  immediate  decussation  of  sensory  impulses 
in  the  spinal  cord,  as  taught  by  Brown- Sequard. 

The  experiments  which  I  have  performed  exhibit  the  followiog 
piincipal  points  of  interest : — 

1.  Return  of  associated  movements  after  complete  destmotion  of 
the  crossed  pyramidal  tract  below  the  lesion. 

2.  That  all  sensory  impulses  do  not  decussate  in  the  cord,  in  fact, 
they  appear  to  show  that  certain  sensory  impulses,  e.g.,  touch,  the 
muscnlar  sense  and  localisation  in  space,  pass  chiefly  up  the  same  side, 
painful  impressions  up  both  sides.  A  peculiar  condition  known  as 
**dJJodbiria  "  occurs  after  hemisection. 
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8.  The  vaso-motor  disturbances  are  on  the  same  side  as  the  lesion, 
id  consist  of  vaso-dilation,  swelling  of  the  foot,  and  redness  with 
le  of  temperature  of  the  skin  of  the  foot,  but,  as  compared  with  the 
iposite  side,  fall  of  temperature  in  the  popliteal  space  on  the  side  of 
le  lesion,  due,  no  doubt,  to  paralysis  of  the  muscles. 

4.  The  degenerations  above  and  below  the  lesion  are  limited  to  the 
me  side  when  the  injary  is  perfectly  unilateral.  There  are  certain 
cts  connected  with  the  degenerations  which  serve  to  show  the  origin 
id  course  of  certain  long  and  short  tract  fibres. 

5.  Stimulation  of  the  cortex  cerebri  on  both  sides  some  weeks  or 
onths  after  the  hemisection  had  been  performed  g^ve,  as  a  rule, 
ndts  which  showed  that  the  block  in  the  spinal  cord  produced  by  the 
imiBeotion  still  existed,  although  there  had  been  a  very  complete 
turn  of  associated  movements. 

6.  In  one  case  ablation  of  the  1^  area  on  the  same  side  as  the 
sion  in  the  spinal  cord  was  performed  many  months  afterwards. 


**  The  Origin  and  Progreasive  Motions  of  Cyclones  in  the 
Western  India  Region."  By  W.  L.  Dallas.  Commiini- 
cated  by  B.  H.  Scott,  F.R.S.    Received  June  2, 1891. 


I.  "  Note  on  the  Density  of  Alloys  of  Nickel  and  Iron.**    By 
J.  HOPKINSON,  F.R.S.     Received  June  3,  1891. 

In  the  '  Proceedings  of  the  Royal  Society,'  December  12,  1889, 
nuary  16,  1890,  and  May  1,  1890,  I  described  certain  properties  of 
oys  of  nickel  and  iron  containing  respectively  22  per  cent^  and 
per  cent,  of  nickel.  These  alloys  can  exist  in  two  states  at  tempera- 
res  between  20°  or  30°  G.  below  fi^eezing  and  a  temperature  of  near 
0^  C.  After  cooling,  the  alloys  are  magnetisable,  have  a  lower 
lotric  resistance,  a  higher  breaking  stress,  and  lesser  elongation ; 
ter  heating  the  alloys  are  not  magnetisable,  have  a  higher  electric 
nstance,  a  lower  breaking  stress,  and  greater  elongation.  I  have 
w  to  add  another  carious  property.  These  alloys  are  about  2  per 
at.  less  dense  when  in  the  magnetisable  than  when  in  the  non- 
ignetisable  state.  Two  rings  were  tested  containing  respectively 
per  cent,  and  22  per  cent,  of  nickel  with  the  following  results, 
B  densities  being  g^ven  without  con-ection  in  relation  to  the  density 
water  at  the  then  temperature : — 


122                  Prof.  F.  Clowes.    An  Apparaim  for  [June  18, 

Nickel,  Nickel, 

25  per  cent.  22  per  cent. 

f *  >  /  *' > 

Benfity.    Temp.  Densitj.   Temp. 

After  heating,  non-magnetisable 8*15       15*1  8*13       16*5 

After  cooling,  magnetisable 799       145  7-96       156 

After  heating  again,  non-magnetisable       815       180  812       18*2 

After  cooling  again,  magnetisable  ....      7'97       22*0  7*95       21*8 

The  rings  were  each  time  cooled  to  from  —100*  C.  to  —110**  C.  by 
carbonic  acid  and  ether  in  vacuo. 


IV.  '*An  Apparatus  for  testing  the  Sensitiveness  of  Safety- 
lamps."  By  Frank  Clowes,  D.Sc,  Lond.,  Professor  of 
Chemistry,  University  Colleg'e,  Nottingham.  Communicated 
by  Professor  Armstrong,  F.ILS.    Received  June  4,  1891. 

It  is  generally  acknowledged  that  the  Davy  safety-lamp  cannot 
with  certainly  detect  less  than  3  per  cent,  of  firedamp  in  the  air  of 
the  mine.  GtM-indicators  of  much  greater  sensitiveness  have  been 
invented ;  amongt  these  the  electrical  apparatus  of  Liveing  and  the 
spirit  safety-lamp  of  Pieler  take  first  rank.  The  objection  to  these 
special  forms  is,  however,  a  serious  one.  They  do  not  serve  for 
illuminating  purposes,  and  therefoi*e  it  becomes  necessary  to  carry  an 
ordinary  safety-lamp,  together  with  the  testing  apparatus.  Many 
attempts  have  been  made  to  obviate  this  inconvenience  by  producing 
a  safety-lamp  which  shall  serve  the  double  purpose  of  illumination 
and  of  detecting  minute  percentages  of  firedamp.  The  discovery  of 
such  a  lamp  would  be  of  great  value  to  the  miner,  in  view  of  the  fact 
that  very  low  percentages  of  firedamp  have  been  proved  to  be  dan- 
gerous in  the  presence  of  coal-dast. 

The  following  apparatus  has  been  devised  to  render  easy  the  process 
of  testing  the  sensitiveness  of  different  forms  of  safety- lamps  when 
used  for  detecting  firedamp.  To  enable  satisfactory  tests  to  be  made 
in  the  laboratory,  it  was  necessary  to  insure  (1)  the  easy  and  rapid 
production  of  mixtures  of  firedamp  and  air  in  known  proportions; 
(2)  to  insure  economy  of  the  artificially  prepared  methane,  which 
represented  firedamp;  and  (3)  to  examine  the  fiame  of  the  lamp 
under  conditions  as  satisfactory  as  those  existing  in  the  mine. 

A  wooden  cabical  box  of  about  100  litres  capacity  was  constructed 
so  as  to  be  as  nearly  gas-tight  as  possible.  It  was  then  made  abso- 
lately  gas-tight  by  painting  it  over  with  melted  paraffin  wax,  which 
was  afterwards  caused  to  penetrate  more  perfectly  by  passing  an 
ordinary  hot  flat-iron  over  the  surface.  This  testing  chamber  was 
furnished  with  a  small  inlet  tube  at  tie  top,  and  with  a  similar  outlet 


11.] 


teslittg  the  SenntiveneiB  of  Safay-lampf. 
Fia.  1. 


)w.  It  had  a  plate-glses  window  in  front  for  obflervitig  the 
he  interior,  and  a  flan^d  opening  below  for  introdncing  the 
ip.  This  opening  was  closed  hj  a  water-se&l  consiBting  of  h 
tray  supported  by  bnttons,  and  containing  ahont  2  inchen 
■ater,  into  which  the  flange  dipped.  A  mixer  wba  «.TT«in^s&, 
listed  of  A  hgbt  Bat  board,  nearly  eqnal  in  dimeQ&\oii«  \it>  ^ 
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sectioi}  of  the  chamber,  and  stuspended  by  an  axis  from  the  upper 
comer  of  the  chamber.  The  mixer  was  moved  rapidly  backwards  and 
forwards  from  the  side  to  the  top  of  the  interior  of  the  chamber,  by 
grasping  a  handle  projecting  throagh  the  front  of  the  chamber. 

When  a  mixture  of  air  with  a  certain  definite  percentckge  of  fire- 
damp was  required,  the  methane,  prepared  and  purified  by  ordinary 
chemical  methods,  was  introduced  into  the  chamber  in  the  requisite 
quantity  by  the  top  inlet.  It  displaced  Ml  equal  yolume  of  air,  which 
escaped  through  the  lower  outlet,  the  exit  end  of  which  was  sealed  by 
being  immersed  just  beneath  a  water  surface.  A  vigorous  use  of  the 
mixer  secured  a  uniform  mixture  of  gas  and  air  throughout  the  interior 
of  the  chamber  in  the  course  of  a  few  seconds.  The  lamp  was  then 
introduced  into  the  chamber,  and  placed  in  position  behind  the  glass 
window.  The  simplicity  of  arrangement  of  the  water-seal  rendered 
the  necessary  opening  of  the  chamber  very  brief,  and  the  introductioo 
and  removal  of  the  lamp  many  times  in  succession  was  not  found  to 
produce  any  appreciable  effect  upon  the  composition  of  the  atmosphere 
inside  the  chamber.  The  appeaiunce  and  dimensions  of  the  ^  cap  " 
over  the  flame  were  noted  as  soon  as  the  cap  underwent  no  further 
change.  A  lamp  was  left  burning  in  the  chamber  for  a  considerable 
length  of  time,  and  its  indications  underwent  no  change,  owing  to  the 
large  capacity  of  the  chamber  and  the  very  limited  amount  of  air 
required  to  support  the  combustion  of  the  small  flame  always  nsed  in 
gas-testing.  The  whole  interior  of  the  chamber  and  mixer  were 
painted  dead-black,  so  as  to  render  visible  pale  and  small  caps  against 
a  black  ground. 

The  methane  was  introduced  from  an  ordinary  gas-holder.  A 
volume  of  water,  equal  to  that  of  the  methane  to  be  displaced,  was 
poured  into  the  top  of  the  gas-holder.  The  gas-tap  of  the  holder  was 
then  momentarily  opened,  so  as  to  produce  equilibrium  of  pressure 
between  the  methane  and  the  atmosphere.  The  gas-tap  having  then 
been  placed  in  connexion  with  the  upper  inlet  of  the  chamber,  the 
water-tap  was  opened,  and  the  measured  volume  of  water  was  allowed 
to  flow  down  and  drive  the  methane  into  the  chamber.  As  soon  as 
bubbles  of  air  ceased  to  appear  through  the  water  at  the  outlet,  the 
chamber  was  closed ;  the  mixer  was  then  vigorously  worked  for  a  few 
seconds,  and  the  mixture  of  gas  and  air  was  ready  for  the  introduction 
of  the  lamp.  Before  introducing  the  methane  for  a  fresh  mixture,  the 
atmosphere  of  the  chamber  was  replaced  by  fresh  air  by  removing  the 
water-tray  from  beneath  the  opening  at  the  bottom  of  the  chamber, 
and  blowing  in  a  powerful  stream  of  air  from  a  bellows  to  the  top  of 
the  chamber. 

The  chamber  was  supported  on  legs,  which  were  arranged  so  as  to 
place  it  at  a  convenient  height  for  observations  through  the  window, 
und  also  for  the  introduction  and  removal  of  the  safety-lamp* 
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The  aoonracy  of  this  method  was  tested  by  introducing  the  Pieler 
lamp  into  the  chamber,  which  was  charged  snccessively  with  a  series 
of  miztares  containing  proportions  of  methane  varying  from  0*5  to 
4  per  cent.  The  height  and  appearance  of  the  cap  over  the  flame 
abfloJntely  corresponded  with  a  series  of  standard  tests  abeady  pub- 
lished, and  made  by  a  different  method,  in  which  firedamp  was  nsed 
inittead  of  methane. 

The  obsenrations  were  usaally  made  in  a  darkened  room,  but  the 
flame-caps  were  easily  seen  in  a  lighted  room,  proyided  direct  light 
falling  on  the  eye  or  chamber  was  avoided. 

The  capacity  of  the  chamber  was  95,220  c.c. ;  accordingly  the  follow- 
ing Yolamee  of  methane  were  introduced :  for  ^  per  cent,  mixture 
it7%  CO.,  for  1  per  cent.  952  c.c,  for  2  per  cent.  1904  c.c,  for  3  per 
cent.  2856  cc,  for  4  per  cent.  3808  c.c,  and  for  5  per  cent.  4760  c.c 
It  will  be  seen  that  a  series  of  tests,  in  which  the  above-mentioned 
percentage  mixtures  were  employed,  involves  an  expenditure  of  only 
15  litres  of  methane,  a  quantity  far  smaller  than  that  required  by  any 
other  method  of  testing  as  yet  described. 

Of  many  forms  of  safety-lamp  tested  in  the  above  apparatus,  the 
one  whicb  most  satisfactorily  fulfilled  the  two  purposes  of  efficient 
illumination  and  delicacy  in  gas-testing  was  Ashworth's  ii^proved 
Hepplewhite-Gray  lamp.  This  lamp  is  of  special  construction,  bums 
benzoline  from  a  sponge  reservoir,  and  its  flame  is  surrounded  with  a 
glass  cylinder,  which  is  groand  rough  at  the  hinder  part ;  this  latter 
device  prevents  the  numerous  i*eflected  images  of  the  flame,  and  the 
generally  diffused  reflections  which  are  seen  from  a  smooth  glass 
8urfiM)e,  and  which  render  the  observation  of  a  small  pale  flame-cap 
very  difficult,  if  not  impossible. 

The  wick  of  this  lamp,  when  at  a  normal  height,  famishes  a 
flame  of  great  illuminating  power.  When  lowered  by  a  fine  screw 
adjustment  the  flame  becomes  blue  and  non-luminous,  and  does 
not  interfere  therefore  with  the  easy  observation  of  a  pale  cap. 
The  following  heights  of  flame- cap  were  observed,  which  fully  bear 
oat  the  unusual  sensitiveness  of  this  flame.  With  0*5  per  cent. 
of  methane  7  mm. ;  with  1  per  cent.  10  mm. ;  with  2  per  cent. 
14  mm. ;  with  3  per  cent.  20  mm. ;  with  4  per  cent.  25  mm. ;  and 
with  5  per  oent.  30  mm.  The  cap,  which  with  the  lower  proportions 
was  somewhat  ill-defined,  became  remarkably  sharp  and  definite 
when  3  per  cent,  and  upwai'ds  of  methane  was  present.  Bat  even 
the  lowest  percentage  gave  a  cap  easily  seen  by  an  inexperienced 
observer. 

It  appears  from  the  above  record  of  tests  that  the  problem  of  pro- 
ducing a  lamp  which  shall  serve  both  for  efficient  illuminating  and 
for  delicate  gas-testing  purposes  has  been  solved.  The  solution  \a  m 
some  measure  due  to  the  sabstitufcion  of  benzoline  for  o\\,  «\XLQe  >;Ni!& 
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flame  of  an  oil-flame  cannot  be  altogether  deprived  of  its  yellow 
Inminoas  tip,  without  serioas  risk  of  total  extinction ;  and  this  &int 
Inminosity  is  sufficient  to  prevent  pale  caps  from  being  seen. 

From  further  experiments  made  in  the  above  testing  chamber  with 
flames  produced  by  alcohol  and  by  hydrogen,  it  was  found  to  be  true  in 
practice,  as  might  be  inferred  from  theory,  that,  if  the  flame  was  pale 
and  practically  non-luminous,  the  size  and  definition  of  the  flame-cap 
was  augmented  by  increasing  either  the  size  or  the  temperature  of 
the  flame.  It  is  quite  possible  by  attending  to  these  conditions  to 
obtain  a  flame  which,  although  it  is  very  sensitive  for  low  percentages 
of  gas,  becomes  unsuitable  for  the  measurement  of  any  proportion  of 
gas  exceeding;  3  per  cent.  This  must,  for  the  general  purposes  of  the 
miner,  be  looked  upon  as  a  defect ;  but  it  is  not  a  fault  of  the  lamp 
already  referred  to.  It  is  of  interest  to  note  that  with  the  Pieler 
spirit-lamp  a  flame-cap  an  inch  in  height  was  seen  in  air  containing 
only  0*5  per  cent,  of  methane. 


V.  **0n  the  Forces,  Stresses,  and  Fluxes  of  Energy  in  the 
Electromagnetic  Field."  By  OuVER  Heavisidb,  F.R.S. 
Received  June  9, 1891. 

(Abstract.) 

The  abstract  nature  of  this  paper  renders  its  adequate  abstraction 
difficult.  The  principle  of  conservation  of  energy,  when  applied  to 
a  theory  such  as  Maxwelfs,  which  postulates  the  definite  localisation 
of  energy,  takes  a  more  special  form,  viz.,  that  of  the  continuity  of 
energy.  Its  general  nature  is  discussed.  The  relativity  of  motion 
forbids  us  to  go  so  far  as  to  assume  the  objectivity  of  energy,  and  to 
identify  energy,  like  matter;  hence  the  expression  of  the  principle  is 
less  precise  than  that  of  the  continuity  of  matter  (as  in  hydrodynamics), 
for  all  we  can  say  in  general  is  that  the  convergence  of  the  flux  of 
energy  equals  the  rate  of  increase  of  the  density  of  the  energy ;  the 
flux  of  the  energy  being  made  up  partly  of  the  mere  convection  of 
energy  by  motion  of  the  matter  (or  other  medium)  with  which  it  is  asso- 
ciated localisably,  and  partly  of  energy  which  is  transferred  through 
the  medium  in  other  ways,  as  by  the  activity  of  a  stress,  for  example, 
not  obviously  (if  at  all)  representable  as  the  convection  of  energy. 
Gravitational  energy  is  the  chief  difficulty  in  the  way  of  the  carrying 
out  of  the  principle.  It  must  come  from  the  ether  (for  where  else 
can  it  come  from?),  when  it  goes  to  matter;  but  we  are  entirely 
ignorant  of  the  manner  of  its  distribution  and  transfereiice.  But, 
whenever  energy  can  be  localised,  the  principle  of  continuity  of 
energy  is  (in  spite  of  certain  drawbacks  connected  with  the  circuital 
£ow  of  energy)  a  valuable  principle  which  should  be  utilised  to  the 
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iiitennosi.  Practioal  forms  are  considered.  In  the  electromagnetic 
fltpplication  the  flax  of  energj  has  a  f oar-fold  make-ap,  viz.,  the 
T^oynting  flax  of  energy,  which  occurs  whether  the  medium  be 
stationarj  or  moving ;  the  flax  of  energy  dae  to  the  activity  of  the 
electromagnetic  stress  when  the  medium  is  moving ;  the  convection 
C9f  electric  and  magnetic  energy ;  and  the  convection  of  other  energy 
SMsociated  with  the  working  of  the  translational  force  dae  to  the 
sstresf*. 

As  Electro-magnetism  swarms  with  vectors,  the  proper  language 
for  its  expression  and  investigation  is  the  Algebra  of  Vectors.     Aii 
suM»ant  is  therefore  given  of  the  method  employed  by  the  author  for 
some  years  past.       The  quatemionic    basis    is    rejected,   and  the    ' 
algebra  is  based  upon  a  few  definitions  of  notation  merely.     It  may  be 
regarded  as  Quaternions  without  quaternions,  and  simplified  to  the 
uttermost ;  or  else  as  being  merely  a  conveniently  condensed  expres- 
sion of  the  Cartesian  mathematics,  understandable  by  all  who  are 
acquainted  with  Cartesian  methods,  and  with  which   tbe  vectorial 
algebra  is  made  to  harmonise.     It  is  confidently  recommended  as  a 
{Nractical  working  system. 

In  continuation  thereof,  and  preliminary  to  the  examination  of 
electromagnetic  stresses,  the  theory  of  stresses  of  the  general  type, 
that  is,  rotational,  is  considered ;  and  also  the  stress  activity,  and 
flux  of  energy,  and  its  convergence  and  division  into  translational, 
rotational,  and  distortional  parts ;  all  of  which,  it  is  pointed  out,  may 
be  associated  with  stored  potential,  kinetic,  and  wasted  energy,  at 
least  so  far  as  the  mathematics  is  concerned. 

The  electromagnetic  equations  are  then  introduced,  using  them  in 
the  author's  general  forms,  i.e.,  an  extended  form  of  Maxwell's 
circuital  law,  defining  electric  current  in  terms  of  magnetic  force, 
and  a  companion  equation  expressing  the  second  circuital  law ;  this 
method  replacing  Maxwell's  in  terms  of  the  vector  potential  and  the 
electrostatic  potential.  Maxwell's  equations  of  propagation  being 
found  impossible  to  work  and  not  sufficiently  general.  The  equation 
of  activity  is  then  derived  in  as  general  a  form  as  possible,  including 
the  effects  of  impressed  forces  and  intrinsic  magnetisation,  for  a 
stationary  medium  which  may  be  eolotropic  or  not.  Application  of 
the  principle  of  continuity  of  energy  then  immediately  indicates  that 
the  flux  of  energy  in  the  field  is  represented  by  the  formula  first 
discovered  by  Poynting.  Next,  the  equation  of  activity  for  a  moving 
medium  is  considered.  It  does  not  immediately  indicate  the  flux  of 
energy,  and,  in  fact,  several  transformations  are  required  before 
it  is  brought  to  a  fully  sigpiificant  form,  indicating  (I)  the  Poynting 
flnz,  tbe  form  of  which  is  settled  ;  (2)  the  convection  of  electric  and 
magnetic  energy ;  (3)  a  flux  of  energy  which,  from  the  form  in  which 
the  velocity  of  the  medium  entera,  represents  the  ftux  of  eiver^^  ^\i^ 
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to  a  working  stress.  Like  the  PoyntiDg  flax,  it  oontains  vector  pro- 
ducts. From  this  flux  the  stress  itself  is  derived,  and  the  form  of 
translational  force,  preyioasly  tentativelj  developed,  is  verified.  It  is 
assumed  that  the  medinm  in  its  motion  carries  its  properties  with  it 
unchanged. 

A  side  matter  which  is  discussed  is  the  proper  measure  of  **  true  " 
electric  current,  in  accordance  with  the  contLuuity  of  energy.  It  has 
a  four-fold  make-up,  viz.,  the  conduction  current,  duiplacement  cur- 
rent, convection  current  (or  moving  electrification),  and  the  curl  of 
the  motional  magnetic  force. 

The  stress  is  divisible  into  an  electric  and  a  magnetic  stress.  These 
are  of  the  rotational  type  in  eolotropio  media.  They  do  not  agree 
with  Maxwell's  general  stresses,  though  they  work  down  to  them  iii 
an  isotropic  homogeneous  stationary  medium  not  intrinsically  mag- 
netised or  electrised,  being  then  the  well-known  tensions  in  certain 
lines  with  equal  lateral  pressures. 

Another  and  shorter  derivation  of  the  stress  is  then  given,  guided 
by  the  previous,  without  developing  the  expression  for  the  flux  of 
energy.  Variations  of  the  properties  permittivity  and  inductivity 
with  the  strain  can  be  allowed  for.  An  investigation  by  Professor 
H.  Hei'tz  is  referred  to.  His  stress  is  not  agreed  with,  and  it  is 
pointed  out  that  the  assumption  by  which  it  is  obtained  is  equivalent 
to  the  existence  of  isotropy,  so  that  its  generality  is  destroyed.  The 
obvious  validity  of  the  assumption  on  which  the  distortional  activity 
of  the  stress  is  calculated  is  also  questioned. 

Another  form  of  the  stress  vector  is  examined,  showing- its  relation 
to  the  fictitious  electrification  and  magnetic  current,  magnetification 
and  electric  current,  produced  on  the  boundary  of  a  region  by  termi- 
nating the  stress  thereupon ;  and  its  relation  to  the  theory  of  action 
at  a  distance  between  the  respective  matters  and  currents. 

The  stress  subject  is  then  considered  statically.  The  problem  is 
now  perfectly  indeterminate,  in  the  absence  of  a  complete  experi- 
mental knowledge  of  the  strains  set  up  in  bodies  under  electric  and 
magnetic  influence.  Only  the  stress  in  the  air  outside  magnets  and 
conductors  can  be  considered  known.  Any  stress  within  them  may 
be  superadded,  without  any  difference  being  made  in  the  resultant 
forces  and  torques.  Several  stress  formulte  ai*e  given,  showing  a 
transition  from  one  extreme  form  to  another.  A  simple  example  is 
worked  out  to  illustrate  the  different  ways  in  which  Maxwell's  stress 
and  others  explain  the  mechanical  actions.  Maxwell's  stress,  which 
involves  a  translational  foi*ce  on  magnetised  matter  (even  when  only 
inductively  magnetised),  merely  because  it  is  magnetised,  leads  to  a 
very  complicated  and  unnatural  way  of  explanation.  It  is  argued, 
independently,  that  no  stress  formula  should  be  allowed  which  indi- 
ea^es  a  traDsJutional  force  of  the  kind  just  mentioned. 
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StUl  the  matter  is  left  indeterminate  from  the  statical  standpoint. 
From  the  dynamical  standpoint,  however,  we  are  led  to  a  certain 
definite  stress  distribation,  which  is  also,  fortunately,  free  from  the 
aboTe  objection,  and  is  harmonised  with  the  flux  of  energy.  A  pecn- 
liarity  is  the  way  the  force  on  an  intrinsic  magnet  is  represented.  It 
is  not  by  force  on  its  poles,  nor  on  its  interior,  but  on  its  sides,  refer- 
ring to  a  simple  case  of  nniform  longitudinal  magnetisation ;  i.e.,  it 
is  done  by  a  gtia«t-electromagnetic  force  on  the  fictitious  electric 
current  which  would  produce  the  same  distribution  of  induction  as 
the  magnet  does.  There  is  also  a  force  where  the  inductivity  varies. 
This  force  on  fictitious  current  harmonises  with  the  conclusion  pre- 
viously arrived  at  by  the  author  that,  when  impressed  forces  set  up 
disturbances,  such  disturbances  are  determined  by  the  curl  of  the 
impressed  forces,  and  proceed  from  their  localities. 

In  conclusion  it  is  pointed  out  that  the  determinateness  of  the 
stress  rests  upon  the  assumed  localisation  of  the  energy  and  the 
two  laws  of  circuitation,  so  that  with  other  distributions  of  the 
energy  (of  the  same  proper  total  amounts)  other  results  would  follow ; 
but  the  author  has  been  unable  to  produce  full  harmony  in  any  other 
way  than  that  followed. 


VI.  "CompariBon  of  Simultaneous  Magnetic  Disturbances  at 
several  Observatories,  and  Determination  of  the  Value  of 
the  Gaussian  Functions  for  those  Observatories."  By 
W.  Grylls  Adams,  D.Sc,  F.R.S.,  Professor  of  Natural 
Philosophy  in  King's  College,  London.  Received  June  11, 
1891. 

(Abstract.) 

After  drawing  attention  to  previous  investigations  on  this  subject, 
and  pointing  out  the  importance  of  adopting  the  same  scale  values  for 
similar  instruments  at  different  Observatories,  especially  at  new 
Observatories  which  have  been  recently  established,  the  discussion 
of  special  magnetic  disturbances  is  undertaken,  especially  the  dis- 
turbances of  a  great  magnetic  storm  which  occurred  on  Jane  24  and 
25,  1885,  for  which  photographic  records  havQ  been  obtained  from  17 
different  Observatories:  11  in  Europe,  1  in  Canada,  1  in  India,  1  in 
China,  1  in  Java,  1  at  Mauritius,  and  1  at  Melbourne. 

The  records  are  discussed  and  compared,  tables  are  formed  of  the 
simultaneous  disturbances,  and  the  traces  are  reduced  to  Greenwich 
mean  time  and  brought  together  on  the  same  plates  arranged  on  the 
same  time-scale.  Plates  I  and  II  show  the  remarkable  B^^;rQ^TS!L<&xi\> 
between  the  disturbaDcea  at  the  difPerent  Observatories^  %xi^  ^^ 
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Tables  show  that  the  amount  of  disturbance,  <»ftpecially  of  horiiontal 
magnetic  force,  is  nearly  the  same  at  widely  distant  stations. 

An  attempt  has  also  been  made  to  apply  the  Gaussian  analysis  to 
sudden  magnetic  disturbances,  and,  with  a  view  to  their  application 
in  futui'c  work,  the  values  of  the  Graussian  functions  have  been  ob- 
tained for  20  different  Observatories,  and  the  numerical  equations 
formed  for  the  elements  of  magnetic  force  in  three  directions 
mutually  at  right  angles,  and  also  the  equation, jEer  the  magnetic 
^  potential  in  term«  of  the  Gaussian  coefficienta  ,to.ihflJonTtlr-wi  Jer. 

The  Tables  give  the  numerical  values  to  be  multiplied  by  the  2^ 
Gaussian  coefficients  to  give  the  values  of  the  forces  X,  Y,  and  Z_jn 
the  geogi*aj)bical  meridian  towards  the  north,  perpendicular  to  the 
meridian  towards  the  west,  and  vertically  downwards  respectively. 
The  equations  are  also  formed  and  the  values  obtained  in  terms  of 
the  24  Gaussian  coeffiicients  for  X2,  Y3,  and  Z3,  X2  being  the  horizontal 
force  in  the  magnetic  meridian,  Y^  the  horizontal  force  perpeodicalar 
to  the  magpietic  meridian,  and  Z2  the  vertical  force.  If  then  Xs,  Y^, 
and  Z2  be  the  observed  valnes  of  any  simultaneous  disturbances^Jthey 
may  be  at  once  substituted  in  the  equations,  the  equations  giving  the 
24  Gaussian  coefficients  may  be  solved,  and  the  corresponding  change 
of  magnetic  potential  may  be  determined. 


VIL  **  On  the  Measurement  of  the  Heat  produced  by  Compress- 
ing Liquids  and  Solids."  By  the  late  CoSMO  Innes  Burton, 
B.Se.,  F.C.S.,  Professor  of  Chemistry,  Polytechnic,  Shang- 
hai, and  William  Marshall,  B.Sc,  F.C.S.  Communi- 
cated by  Professor  THORPE,  F.R.S.  Received  Jime  10, 
Read  June  18,  1891. 

In  the  year  1885  Messrs.  Creclraan  and  Crocket  (*Edinbui'gh  Roy. 
Soc.  Proc.,*  vol.  13.  p.  311),  nuder  Professor  Tait*s  sapervision,  per- 
formed a  series  of  experiments  on  the  heat  produced  by  the  compres- 
sion of  various  substances.  Their  method  was  briefly  as  follows : — 
For  the  application  of  the  pressure,  the  same  apparatus  which  we 
describe  and  tigure  later  was  used.  A  thermo-electric  junction  of 
insulated  nickel  and  iron  wires  was  fixed  between  the  leather  washers 
and  a  sufficient  length  of  wire  coiled  away  inside  the  gun  to  allow  the 
junction  to  be  drawn  out  at  the  top  and  a  specimen  attached  to  it. 
Among  the  substances  examined  were  glass,  cork,  vulcanite,  glue, 
bees'- wax,  and  paraffin  oil,  the  only  pure  chemical  compounds  being 
chloroform  and  ether.  The  following  are  some  of  the  results  obtained. 
Pressure,  about  1  ton  on  the  square  inch. 
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Bise  of  temp,  per  ton. 

Vulcanite 0^30 

Glass   012 

Cork 0-75 

Beeswax 0  83 

Chloroform 1*44 

Ether 1-80 

Paraffin  (solid) 061 

Paraffin  oil 139 

Owing  to  the  unfortunate  choice  of  snhstances,  these  resalts, 
although  of  interest  as  illustrating  the  application  of  the  method,  can 
have  little,  if  any,  general  significance.  In  the  year  1888  Mr.  Burton 
performed  a  similar  series  of  experiments,  with  the  view  of  gaining 
some  light  on  the  physical  constitution  of  allotropic  forms  of  elemen- 
tary substances.  As  the  results  have  not  hitherto  been  published, 
they  are  here  shortly  recorded.  The  following  table  gives  a  reauim 
of  the  results  obtained  with  the  two  forms  of  phosphorus  and  with 
several  metals.  The  method  was  in  nearly  all  particulars  the  same 
as  that  of  Messrs.  Creelman  and  Crocket.  The  powdered  substances 
were  strongly  compressed  in  short  glass  tubes,  and  the  sharp-pointed 
nickel-iron  junction  pressed  into  the  powder.  The  metals  were  made 
into  little  cylinders,  and  a  hole  drilled  in  each,  very  little  larger  than 
the  junction.  The  sample  was  fixed  on  the  wires  and  then  finely 
powdered  metal  packed  in,  so  as  to  leave  the  least  possible  air  space. 
This  method  proved  fairly  satisfactory  for  such  motals  as  could  be 
obtained  in  ingots,  and  for  very  heavy  and  coherent  powders,  such  as 
graphite,  arsenic,  and  amorphous  phosphorus ;  but  it  was,  of  coui'se, 
inapplicable  to  liquids,  except  water,  and  almost  equally  so  to  light 
powders,  like  charcoal. 

The  figures  in  column  2,  showing  the  amount  of  heat  produced  by 
a  uniform  pressure  of  about  300  atmospheres,  or  2  tons^  on  the  square 
inch,  seemed  to  indicate  that  in  metals  the  heat  pi*oduced  by  compas- 
sion varied  inversely  as  the  atomic  weight.  The  difference  in  the 
heat  given  out  by  the  two  kinds  of  phosphorus  is  remarkable,  and 
may  possibly  be  held  to  indicate  a  wide  difference  in  molecular 
weight. 

The  results  were  not  sufficient,  either  in  number  or  accuracy,  to 
warrant  the  statement  of  any  such  law  as  that  above  mentioned,  but 
they  were  of  quite  sufficient  interest  to  induce  us  to  take  up  the 
subject  once  more,  using  a  larger  number  of  substances  and  more 
accurate  methods. 
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0-ai 

0-»B 

o-29a 

0-S64 
«-lBl 
0-868 
0  280 
0-Wl 

0-188 

0-aoo 
0  170 
0-0982 
0-076 
0-0648 
0-064 
0-OBl 

o-ons 

0-0806 

i-ooo 

u 

81 
81 

Tellow  pho«phonu.,.. 

ArMtnio 

» 

So     1 

/ 

Fw.  1.— Section  o(  "  Gun." 
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Description  of  Appa/ratus  and  Experimental  Methods. 

rhe  compression  apparatus  nsed  in  all  these  various  series  of 
leriments  was  one  originally  constructed  for  testing  the  effect  of 
ssnre  on  thermometers.  Its  oonstiuction  is  shown  in  fig.  1.  The 
inder,  called  **the  gnn/'  is  of  wrought  iron,  about  16  inches 
g  and  4  inches  diameter,  with  a  bore  of  1  inch.  It  is  fixed 
tically,  and  the  lower  end  is  flanged  and  closed  by  a  very  thick 
ige  plate,  bolted  upon  soft  leather  washers,  and  drilled  to  admit 
ber  from  the  pump.  The  pump'barrel  consists  of  a  steel  ingot, 
'  X  6",  drilled  with  a  hole  \  inch  diameter ;  in  this  works  a  plunger, 
h  a  steel  cup  at  the  lower  end,  thi*ough  a  stuffing-box  and  cup 
ther.     The  stroke  of  the  pump  is  about  2^  inches,  and  it  is  moved 

a  handle  nearly  3  feet  long,  inbh  a  leverage  of  about  10  to  1. 
)  upper  end  of  the  gnn  is  closed  by  a  solid  plunger,  turned  to  fit 
y  accuratoly,  and  rendered  water-tight  by  means  of  a  steel  cup, 
ned  to  a  very  thin,  knife-like  edge,  slightly  belled  out,  so  as  to 
iss  against  the  sides  of  the  gun.  When  pressure  comes  upon  the 
),'the  sides  expand  sufficiently  to  form  an  almost  perfectly  tight 
at.  The  plunger  is  held  in  position  by  a  key  fitting  into  a  hole  cut 
x>ugh  the  sides  of  the  gun  and  through  the  plunger  or  ram.  The 
p  is  filled  with  tallow  or  lard  to  avoid  leaving  an  air  space  inside 
)  gun.  The  connexion  to  the  pump  is  formed  by  a  solid- drawn 
)per  tube  with  a  steel  connecting  piece,  which  is  8Ci*ewed  upon  a 
sher  of  soft  copper. 

^OT  measuring  the  pressure,  a  compression  gauge,  designed  by  Pro- 
ber Tait,  and  used  by  him  in  his  experiments  on  the  '^  Challenger  " 
rmometers,  was  employed.  It  is  represented  in  fig.  2.  Essen- 
iy  it  consists  of  a  steel  tube,  about  5  inches  long,  |  inch  in 
meter,  and  -^  inch  thick,  filled  with  mercury,  and  bearing  a  glass 
iUary,  A.  This  tube  is  enclosed  in  a  steel  vessel  communicating 
h  the  pump  by  a  solid-drawn  copper  tube.  The  pressure  is 
48ured  by  the  rise  of  the  mercury  in  the  tube  A.     The  gauge  in 

first  instance  was  graduated  by  means  of  air  manometers,  and  was 
srwarda  compared  with  an  Amagat  mercury  gauge.  Its  indications 
^  been  found  extremely  constant.  The  long  bulb  contains  an 
er  bulb,  which  nearly  fills  up  the  whole  space,  leaving  only  a  thin 
II  of  mercury,  which  is  very  little  affected  by  temperature.  This 
ige  marked  22*35  mm.  per  ton  pressure.     The  amount  is  small,  and 

reading  cannot  be  said  to  be  very  accurate,  but  no  other  gauge 
Id  be  obtained  equally  trastworthy  and  which  required  so  very 
iU  a  bulk  of  water — a  matter  of  great  importance,  as  will  be  per- 
fed  on  referring  to  the  description  of  the  experiments  given 
aw. 
^e  wires  of  the  thermO'electric  junction  are  introduced  \>y  '^^Vaxs^xi^ 


lU  Prof.  C.  I.  Burton  and  Mr.  W.  HanhalL     [June  18, 

Fib.  8.— SectioD  of  Okngr. 


tliem  between  two  broad  washers  of  tbick  soft  leather,  and  acrewng 
these  as  tightly  as  possible  between  the  flanges  at  the  lower  end  of 
the  gau.  The  leathers  were  prepared  hj  soaking  in  warm  lard  to 
vacuo,  as  recommended  by  Professor  Andrews.  The  arrangement  wu 
found  to  hold  pressnre  extremely  well,  if  the  bolts  were  tightened  up 
each  day  before  beginning  the  experiments.  Ai  it  was  neoessarj  thst 
many  of  the  liquids  nsed  should  be  completely  protected  from  water, 
we  were  obliged  to  choose  wires  for  the  jnnction  which  oonld  be  sealed 
throngh  glaas.  After  expeiinients  with  a  large  number  of  different 
pain  of  metals,  beginning  with  pare  platinnm  and  going  np  to  33  per 
cent,  of  iridium,  specimens  of  commercial  platinum  and  an  alloy  of 
platinnm  with  10  per  cent,  of  iridium  were  selected.  Strange  in  say. 
nearly  the  same  current  was  obtained  from  a  jnnction  of  two  different 
samples  of  10  per  oent.  iridium. 

The  platinnm  wire  was  of  abont  No.  24  B.W.6.,  the  alloy  wire  of 
0"'O29  diamet«r.  The  latter  resembled  steel  in  its  properties,  beinj; 
very  hard  and  elastic.  Its  thickness  was  a  disadvantage,  because  it 
increased  the  mass  of  the  junction  and  caused  a  sensible  time  to  elapse 
before  the  wires  attained  the  temperature  of  the  liquid  during  the 
ezperimenta.  The  wires  were  welded  to  form  the  jnnction  and 
hammered  thin  and  flat  in  order  that  the  contact  with  the  substance 
nnder  trial  might  be  as  perfect  as  possible.  A  length  of  about  3  feet 
of  the  double  wires  was  coiled  into  a  spiral  npring  inside  the  gun,  so 
Ihat  the  jnnction  end  conld  be  drawn  out  at  the  top  either  for 
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on  or  to  allow  the  substance  to  be  changed.  The  wires  were 
I  by  drawing  them  through  fine  india-rubber  tubing  of  the 
»wn  as  Yein  tubing.  This  arrangement  proved  very  objection- 
practice,  as  the  oil  and  grease  ofE  the  inside  of  the  gun  attacked 
er  and  ultimately  perforated  it,  permitting  contact  with  the 
les  of  the  gun. 

ally,  after  this  occurred,  the  results  became  perfectly  irregular 
iihless,  and  the  whole  apparatus  had  to  be  taken  to  pieces  in 
renew  the  insulation.  This  was  done  by  stripping  off  the 
es  of  india-rubber  and  then  covering  the  whole  length  of  each 
;h  a  double  thickness  of  narrow  silk  ribbon  wound  on  and 
over  with  thread.  After  the  renewal  of  the  insulation  there 
a  single  defective  result,  and  the  readings  vary  within  re- 
f  narrow  limitp,  as  will  be  seen  by  reference  to  the  tables, 
r  or  cold  junction  of  the  thermo-electric  apparatus  was  im- 
Q  a  large  wooden  tub  of  cold  water,  the  temperature  of  which 
but  little  from  day  to  day,  and  might  be  regarded  as  perfectly 
during  the  performance  of  any  experiments. 
)paratus  for  containing  the  liquids  which  were  subjected  to 
lion  is  represented  in  fig.  3.     The  wires  of  the  junction  are 

Fio.  3.— Section  of  Tube. 


0  a  hollow  glass  stopper,  B,  which  was  ground  to  fit  the  tube 
\  tube  carried  a  slight  flange  at  D,  to  which  a  disc  of  soft 
bber  could  be  tightly  wired.  This  rubber  disc  served  to  close 
of  the  tube  and  at  the  same  time  allowed  perfectly  free  com- 
on  of  pressure  from  the  outside  to  the  inside  of  the  apparatus. 

1  thick  copper  wire  was  twisted  round  the  neck  of  the  tube 
\h  a  handle  by  which  it  could  be  drawn  out  oi  tVie  gun.    \tv 
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order  to  prevent  liqaids  like  chloroform  or  bisalpliide  of  carbon 
coming  in  contact  with  the  india-rubber,  the  tube  was  filled  up  to 
the  neck  F  with  clean  dry  mercury.  Twelve  tubes  were  provided,  all 
of  which  fitted  to  the  same  stopper,  in  order  to  prevent  loss  of  time 
in  changing  substances.  The  mercury  was  poured  away  and  a  fresh 
rubber  cap  wired  on  for  each  experiment. 

The  galvanometer  used  was  of  the  dead-beat  pattern,  by  White,  of 
Glasgow,  of  642  turns  and  1*242  ohms  resistance.  It  was  placed  on 
a  slate  shelf  about  20  feet  distant  from  the  compression  apparatus, 
and  it  was  not  at  all  afEected  by  the  movements  of  the  pump  handle 
or  by  any  other  part  of  the  mechanism.  The  scale  of  the  galvano- 
meter was  graduated  in  arbitrary  divisions  of  nearly  2  cm.  in  length, 
these  being  divided  into  tenths ;  these  small  divisions  could  again  be 
read  to  quarters.  As  one  large  division  on  the  scale  corresponded 
very  nearly  to  1  degree  centigrade,  the  temperature  readings  are 
very  accurate.  In  order  to  have  all  substanc^es  as  necurly  as  possible 
at  the  same  temperature,  a  large  covered  vessel  was  sunk  in  the 
water-tub  which  contained  also  the  cold  junctions,  and  in  this  vessel 
the  bottles  of  substances  were  placed  the  day  before,  along  with  mer- 
cury and  clean  tubes  ready  for  use.  The  suction  tube  of  the  pump 
also  drew  its  supply  from  the  same  source. 

After  the  gun  had  been  filled  with  water  taken  from  the  tub,  a  tube 
filled  with  clean  mercury  to  the  neck  E,  and  with  the  substance  to  be 
compressed  up  to  C,  was  then  brought  up  to  the  stopper  and  well 
pressed  home,  care  being  taken  that  no  air  bubble  should  be  left  in 
inserting  the  stopper.  The  wires  were  arranged  on  opposite  sides  of 
the  tube,  which  was  then  pressed  down  on  the  spiral  spring  formed 
by  the  coiled  wire  inside  the  gun,  and  the  ram  inserted.  The  dis- 
charge valve  at  fig.  1  was  opened,  the  ram  pressed  home  and  secured 
by  its  key.  Pressure  was  usually  applied  and  blown  off  two  or  three 
times  to  proye  that  everything  was  in  good  condition.  As  little  or 
no  air  space  was  left  in  any  part  of  the  apparatus,  the  pressure  rose 
very  rapidly,  two  strokes  of  the  pump  usually  sufficing. 

When  the  galvanometer  was  steady,  its  zero  point  was  noted  and 
pressure  immediately  applied,  an  operation  which  took  about  two 
seconds.  As  the  apparatus  could  never  be  made  perfectly  tight,  it, 
was  always  necessary  to  continue  pumping  slowly,  watching  the 
gauge  so  as  to  maintain  the  pressure  as  nearly  as  possible  constant  till 
the  galvanometer  became  steady,  when  the  reading  was  taken  and 
pressure  immediately  relaxed. 

As  soon  as  the  galvanometer  was  again  steady  a  new  zero  was 
taken,  pressure  applied  again,  and  so  on,  usually  ten  times.  If  the 
results  appeared  to  agree  satisfactorily  the  ram  was  removed  from 
the  gun,  and  the  tube  drawn  up  and  carefully  examined  to  see  that 
no  leakage  had  taken  place.     It  was  then  set  aside,  a  clean  tube 
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takeo,  and  the  cycle  of  operations  repeated.  In  this  way  three  to 
four  substances  per  honr  6oald  be  finished,  from  ten  to  fifteen  ob- 
(lervations  being  taken  for  each.  The  limits  of  accnraoj  are  foand  in 
the  measnrement  of  pressure,  which  cannot  be  said  to  be  quite  satis- 
factory, and  in  the  impossibility  of  maintaining  the  pressure  perfectly 
constant  till  the  galvanometer  can  be  read.  The  error  due  to  the 
last-named  cause  is  less  than  might  be  expected,  because  the  pressure 
varies  rapidly  about  the  point  at  which  it  should  be  maintained,  and 
the  galvanometer  does  not  follow  the  small  and  quick  rises  and  falls 
of  pressure.  In  comparing  the  results  among  themselyes  the  actual 
amount  of  pressure  is  not  of  so  great  importance  as  the  fact  that,  as 
nearly  as  the  gauge  would  read,  it  was  the  same  in  every  case,  viz., 

2'6  tons  on  the  sq.  in.  =  388  atmospheres. 
In  order  to  show  the  degree  of  accuracy  for  this  work,  the  full 

figares  for  one  substance  are  here   quoted    frOm    the   experiment 

bcwk: — 

Substance  taken,  butyric  acid.     Pressure,  2*6  tons. 


Zero  point. 

Beading. 

Deflection. 

Bise  of  temp 

170 

11-8 

6-2 

6°23 

17-7 

12-5 

6-2 

5-23 

iJ^l 

131 

50 

5-03 

18-6 

13-3 

63 

5-33 

18-8 

13-7 

51 

513 

190 

13-7 

5-3 

5-33 

18-9 

1365 

5-25 

5-28 

191 

13-9 

5-2 

5-23 

191 

13-8 

5-3 

5-33 

19-3 

141 
)  deflection  • . . . . 

5-2 

5  23 

AveraiFC 

. . . .     6-205 

„        rise  of  temperature    5* '235 

^hen  the  individual  figures  vary  so  little  among  themselves  it  will 
^^ily  be  seen  that  the  average  of  ten  such  observations  must  differ 
^^tremely  little  from  the  truth. 

At  the  end  of  each  day's  work  the  junction  was  graduated  to 
^<5ertain  what  deflection  of  the  gsJvanometer  corresponded  to  a  degree 
^^^tigrade.  The  graduation  was  performed  in  the  following 
l^^^nner : — The  junction  was  drawn  oat  of  the  gun  and  dipped  in  a 
^^^liker  of  cold  water  from  the  tub  to  find  its  zero.  As  soon  as  the 
^Wanometer  had  been  read  the  junction  was  transferred  to  a  beaker 
^^  irarm  water  which  was  kept  rapidly  moving  by  means  of  a  stream 
^^  air,  and  the  temperature  and  the  galvanometer  were  read  as  nearly 
^  ponible  at  the  same  moment;  the  junction  was  then  agaAU  i^\«a^^ 
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in  cold  water  t6  give  a  zero  and  re- transferred  to  warm  water  at 
difEerent  temperature.  Care  was  taken  that  the  greatest  temperati 
difEerence  between  the  cold  and  hot  water  should  cause  a  deflecti 
slightly  in  excess  of  the  largest  caused  bj  compression.  The  ayera 
of  four  or  five  such  observations  is  taken  as  the  deflection  correspoi 
ing  fco  1°  G.  The  same  thermometer  was  used  throughout  for 
these  temperature  readings.  It  was  a  "  fixed  zero  '*  by  Hie 
graduated  in  0^*1  C,  and  could  be  read  accurately  to  O^K)!. 

To  secure  the  greatest  possible  uniformity  of  oonditioDS  in  all  th< 
experiments,  every  preparation  was  completed  and  all  substan< 
collected  before  a  single  compression  was  made.  The  whole  of  t 
final  observations  were  thus  compressed  into  a  few  days,  and  it  -m 
possible  to  maintain  every  part  ot  the  apparatus  practically  nnchang 
during  that  time. 

The  Results. 

The  following  table  sets  forth  all  the  results  obtained  with  liqi 
specimens,  together  with  such  data  as  may  probably  be  useful 
arriving  at  general  conclusions. 


Substance. 


Hydrocarbons — 
Amylene  .... 
Benzole 


>> 


»» 


Alcohols — 
Methjl  alcohol 
Ethyl 
Propyl 

Isobutyl  alcohol, 
Tertiary  butyl  alcohol 

Amyl  alcohol   

Capryl  alcohol 

Allyl  alcohol 


Aldehydes  — 

Aldehyde 

Paraldehvde 

Benzoic  aldehyde 


Acids — 
Fomiic  acid 
Acetic 
Butyric 


fi 


>» 


Ethereal  salts — 
Methyl  formate 
Ethyl 


.  •  ■ . . 


Formula. 


No.  of 
obserrations. 


^6^10  .... 
C5I1  f  .... 


CH4O  ... 
CjIigO . . . 
Ctilfi  . . . 
C4H10O  . . 
C^HiqO  . . 
C(U|20  . . 
CgHigO  . . 
CgHeO . . . 


C2H4O . . . 
(CjU,0)8 . 

CyUjO  .  .  . 


CHjOj  ... 
C30.4O3  . . 

C4llg03  .. 


CJII4O2 


/      Meihjl  acetate CallgO, 


11 
10 


12 
14 

10 
20 

16 
10 
10 


10 
11 
10 


10 
10 
10 


11 
11 
lU 


Rise  of 

temp,  in 

deg.  cent. 


10  00 
6-43 


6*64 
4*60 
6*23 
5-90 

5-41 

4-28 
4-65 


8-98 
6-86 
5  00 


3-95 
4-71 
5  19 


6-29 
6-52 
7  13 


Maximim 

variation  i 

deg.  cent 


0-6 
0-8 


0  35 
0  8 
0-35 
0-5 

0  65 
0  2 
0-2 


0-75 
0*45 
0-2 


0-1 
0-4 
0-2 


0-6 
1-2 
U-5 
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KOwntl  nlU  {eo»l.)— 

Ethyl  Metate 'C^UgO,  . 

Propjl       „      tjHioU,. 

lubutjl    „      (-'st^iit)i> 

AjujI         , CjIIhO,. 

EthjloiaUte   (JeH„0,. 

fiUijl  otrboDkte  ......  C(  U  ,aO,. 

Acetoaoetic  ether CiUi^Oa. 

Sthen— 

Ethm C,H„0.. 

Amjl  ether. CkHsO.. 

Silogen  deriTallTn — 

Chloroform CHa,  , . . 

Cubon dichloride CH^I,... 

Carbon  tetnchloride  . .  CCl, 

UoDOchlorathute (VI(C1  .. 

Acetjl  chloride   CjUiCIO  . 

]>iehloncetic  acid C,H,C1,0, 

Propjl  chloride L'iIl,Cl... 

Iwbutyl  chloride C^d.Cl... 

Monoehlorbeiuule  ....  C,H(C1... 

Etbyl  bramide C,a,Br  . . 

Propjl      , CV£,Br.. 

Inbutjl    C,H,Br.. 

Amyl         , CiH„Br  . 

UoDobrombeniale  ..,,  C|I{|Br.. 

Bromtoluole C,U,Bt.. 

Ethjljodide Cyi,I.... 

I •obatyl  iodide C.Ugl.... 

UDcUuified— 

Aoetono C,H,0  . . . 

Acetic  anhydride C,HtO,  .. 

Carbon  diiutphide Oi, 

ItiOTganio— 

Water   H,0 

Bulphuric  acid HtSO^... 

Uercury Hg 


7  36 
b-S8 
8-27 


Biaeof 

Uuimiun 

temp,  in 

d.g.«nt. 

deg.  cent. 

7-11 

0-4 

6-68 

0 

a 

6  66 

0 

) 

&-9L 

0 

4 

5-81 

0 

5W 

0 

11 

600 

0-S 

7-77 

0-8 

5'69 

0-8 

8  19 

0-36 

6-86 

1-1 

7-76 

0  6 

8-18 

*17 

0-3 

8'M 

0-7 

7  60 

0-9 

6-46 

0-46 

BM 

0-5 

6-49 

0-6 

OSS 

6  11 

0-86 

6-76 

0-4 

005 
0-lB 
0-06 


BemarlcB. 

Ethyl  Alcohol. — Rettdings  not  ver^  tmstworthy  on  ftoconnt  of  de- 
Active  inanlatioa. 

Tertiary  Butyl  Alcohol. — Readings  exceedingly  irr^nlar.  On 
Iking  ont  the  tnbe  it  was  foand  that  tbo  snbetance  had  solidified, 
telted  on  staoding. 

Paraldtkyde.  —  Oo  keeping  on  the  pressnre  after  att&ininf^  U\« 
tutximnm  defiectJoo,  h  farther  deflection  was  obfteT\e&.  &ae  Wi  ^^% 
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crystallising  of  the  substance.  The  crystals  melted  rapidly  at  the 
temperature  of  the  room. 

Monochlorethane. — The  whole  apparatus  was  cooled  to  0*  C.  for  this 
series  .of  observations. 

Propyl  Bromide  and  Isohutyl  Bromide, — A  slight  "  kick  "  of  the 
galvanometer  image  in  the  opposite  direction  to  that  indicating  a  rise 
of  temperature  was  observed  on  the  first  stroke  of  the  pump. 

Iodides. — The  free  iodine  was  extracted  by  shaking  with  mercury. 

Carbon  JXsulphide. — The  temperature  rose  slowly  to  within  a 
degree  of  maximum ;  then  there  was  a  sudden  rise  to  maximum, 
sncceeded  by  a  rapid  fall. 

Looking  merely  at  the  rise  of  temperature  produced  by  pressure, 
it  is  impossible  to  deduce  any  general  laws  from  these  figures.  We 
find  that,  as  a  rule,  in  comparable  series,  the  higher  the  molecular 
weight,  the  less  the  rise  of  temperature.  This  is  best  seen  in  the 
cases  of  the  series  of  acetates  and  the  halogen  substances ;  but  there 
are  several  perfectly  distinct  exceptions — such  as  the  fatty  acids — 
which  come  in  the  inverse  order  to  that  stated.  It  is  worthy  of 
note  that  these  exceptional  series  all  contain  large  proportions  of 
oxygen. 

We  would  draw  special  attention  to  the  efEect  of  pressure  on  par- 
aldehyde and  tertiary  butyl  alcohol,  both  of  which  are  caused  to 
solidify  at  temperatures  above  their  normal  melting  point.  We  think 
it  probable  that  all  substances  which  follow  the  ordinary  law  of  ex- 
pansion by  heat  could  be  solidified  by  pressure  if  tried  at  tempera- 
tures not  far  from  their  melting  point.  The  apparatus  which  we 
used  serves  extremely  well  for  observing  the  course  of  events  in  such 
cases. 

When  a  liquid  which  does  not  solidify  is  compressed,  the  image  on 
the  galvanometer  scale  travels  almost  steadily  and  rapidly  to  a  point 
at  which  it  remains  fixed  for  a  few  seconds ;  it  then  begins  to  move 
back  towards  zero,  as  the  substance  is  cooled  by  the  water  outside 
the  compression  tube.  In  the  two  cases  mentioned  above  (paralde- 
liyde  and  tertiary  butyl  alcohol)  the  behaviour  of  the  galvanometer 
was  entirely  different,  indicating  a  rapid  rise  of  temperature  on 
application  of  the  pressure,  and  then  a  continuous  slow  increase  as 
long  as  the  pressure  was  maintained  constant.  The  method  of 
closing  the  gun  by  means  of  a  ram  renders  it  easy  to  remove  and 
inspect  a  substance  within  half  a  minute  after  letting  off  the  pressure, 
80  that  there  is  not  time  for  the  crystals  to  melt. 

Experiments  with  Solids, 

A  number  of  specimens  of  metals  were  prepared  and  tested,  with 
t/ie  reauHs  given  in  tabular  form  below.     Of  each  metal  two  small 
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ingots  were  prepared  and  filed  flat  on  one  face,  so  ibat  they  conld  be 
tied  one  on  each  side  of  the  flat  junction,  which  was  used  without 
any  tube.  It  is  difficult  in  this  way  to  secure  at  all  a  satisfactory 
contact  between  the  sample  and  junction,  and  we  are  of  opinion  that 
the  method  originally  used  as  described  in  the  beginning  of  the  paper 
will  prove  more  trustworthy.  The  rise  of  temperature  in  metals  is 
so  small  that,  to  obtain  a  readable  deflection,  it  would  be  necessary  to 
use  a  more  sensitive  junction  than  can  be  made  of  platinum-iridium 
alloys,  aa  the  galvanometer  cannot  be  made  much  more  sensitive 
without  becoming  too  slow  to  permit  of  true  readings.  Considerable 
care  was  taken  to  secure  specimens  of  metals  in  a  state  of  approxim- 
ate 'purity,  but,  the  results  having  proved  of  so  little  value,  the 
methods  used  need  not  be  here  described. 

Biae  of  temp. 

o 

Aluminium 0*181 

Magnesium  0'18l 

Zinc 0062 

Silver 0-047 

Tin 0125 

Several  other  metals  were  tried,  but  the  deflection  was' too  slight 
to  allow  of  accurate  observation. 

Notwithstanding  the  large  amount  of  work  involved  in  these  ex- 
periments, study  of  the  results  shows  but  too  clearly  that  this  research 
can  only  be  regarded  as  preliminary.  Many  interesting  problems 
present  themselves  for  solution,  of  which  we  think  the  following  are 
worthy  of  mention  : — 

1.  The  efEect  of  pressure  in  causing  solidiflcation  should  be  fol- 
lowed up  and  tested  with  difierent  substances  at  temperatures  little 
removed  from  their  melting  point.  In  the  case  of  tertiary  buiyl 
alcohol  it  may  be  noted  that,  though  the  crystals  formed  were  too 
small  to  be  clearly  distinguished,  they  appeared  to  be  of  a  different 
habit  from  those  formed  under  ordinary  circumstances. 

2.  The  effect  of  temperature  in  causing  difPerences  in  the  amount 
of  heat  developed.  It  might  be  necessary  to  compare  the  substances 
at  different  temperatures  so  as  to  have  them  all  in  the  same  physical 

state. 

3.  The  relation  of  compressibility  to  heat  of  compression. 

This  is  but  an  indication  of  the  few  out  of  the  many  lines  oi 
research  suggested  by  the  work  we  have  done.  Some  of  these  seem 
to  afford  good  hope  of  yielding  new  knowledge  of  the  coni^itution  of 
matter. 

In  conclusion,  we  wish  to  record  our  gratitude  to  the  Government 
Grant  Committee  of  the  Royal  Society  for  affordiug  \xb  \*\vft  modi^Y^  ^\ 
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carrjing  oat  this  research ;  and  also  to  Professor  Tait  for  allowii 
us  the  use  of  his  laboratory  and  his  valuable  apparatns,  witho 
which  these  results  could  not  have  been  obtained. 


VIII.  **  On  the  Changes  evoked  in  the  Circulation  and  Respir 
tion  by  Electrical  Excitation  of  the  Floor  of  the  4th  Ve 
tricle.'*     By  W.  G.  Spencer,  M.S.,  Assistant-Surgeon 
the  Westminster   Hospital.     Communicated   by  Profess 
HORSLEY,  F.R.S.    Received  June  15,  1891. 

(Abstract.) 

The  object  of  the  research  was  to  connect  more  closely  clinic 
signs  with  pathological  changes  in  the  medulla  by  localising  in  ti 
floor  of  the  4th  ventricle  the  '*  centres  "  which  influence  the  circul 
tion  and  respiration. 

The  author  commences  his  paper  with  a  full  account  of  the  woi 
of  previous  observers  upon  the  medulla  in  relation  to  the  circulati< 
and  respiration. 

The  research  difEers  from  preceding  ones  in  the  use  of  the  electi 
current  to* excite  without  injury  the  floor  of  the  ventricle,  in  avoidii 
puncture  and  incision  of  the  medulla,  in  employing  complc 
anaesthesia  with  ether  without  at  the  same  time  impeding  respiratio 

The  floor  of  the  4th  ventricle  was  accurately  measured  in  eai 
experiment,  so  that  the  distance  from  the  calamus  scriptoiins  ai 
from  the  middle  line  of  each  point  was  known  before  it  was  excite 
The  experiments  were  perfonned  on  cats,  dogs,  and  monkeys,  i 
records  of  the  changes  which  took  place  being  divided  into  tho 
affecting  respiration,  the  rate  of  the  heart,  and  the  blood- pressu 
respectively. 

By  adding  together  the  results  obtained  for  each  point  in  all  i 
experiments  on  animals  of  the  same  species,  conclusions  have  be 
aiTived  at  for  each  species,  and  a  comparison  is  then  made  of  t 
three  species  of  animals. 

The  conclusions  drawn  from  the  experiments,  aided  by  the  fac 
detailed  in  the  histoncal  retrospect,  are  as  follows : — 

(1.)  Inspiration. — The  part  of  the  floor  of  the  4th  ventricle  whic 
when  excited,  caused  an  increase  in  the  normal  inspirato 
impulses  descending  to  the  thorax  lies  along  the  middle  lii 
extending  for  2  mm.  on  either  side. 

(2.)  Expiration. — The  part  of  the  floor  of  the  4th  ventricle  whic 
when  excited,  caused  an  increase  in  the  normal  expirato 
impulses  descending  to  the  thorax  lies  along  the  lateral  pa 
of  the  ventncle,  2  to  3  mm.  from  the  middle  line. 
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(3.)  Slowing  of  tJie  Respiratory  Rhythm. — The  area  which,  when 
excited,  caused  slowing  of  the  respiratory  rhythm  lies  over 
the  continuation  of  the  postero-median  column,  as  it  separates 
from  the  column  of  the  opposite  side,  and  the  part  of  the  floor 
of  the  yentriole  close  to  the  inner  border  of  the  column.  The 
central  point  of  this  small  area  lies  between  1  and  2  mm.  from 
the  calamus,  and  between  2  and  3  mm.  from  the  middle  line. 

Cardio-inhihition, — ^Whilst  cardio- inhibition  may  be  prodnced  all 
over  the  floor  of  the  4th  ventricle,  as  well  as  just  behind  the  calamus, 
yet  it  is  best  marked  both  in  the  frequency  of  occurrence  and  in  the 
Hmount  of  slowing  over  the  posterior  third  of  the  4th  ventricle,  and 
over  the  inner  margin  of  the  continuation  forwards  of  the  postero- 
uiedian  column. 

Blood-pressure.  (1)  Fall. — The  chief  depressor  area  is  in  the  hinder 
part  of  the  floor,  between  1  and  4  mm.  in  front  of  the  calamus. 

(2)  Rise  (cat  only). — A  rise  was  produced  most  frequently  and 
most  largely  from  4  mm.  from  the  calamus  forwards  to  the  anterior 
end  of  the  ventricle. 

These  conclusions  are  exhibited  graphically  by  maps  of  the 
ventricle,  shaded  in  various  degrees  to  indicate  the  intensity  of  the 
result;  and  a  number  of  tracings  are  appended  as  illastrations  of  the 
actual  changes  which  were  produced  by  excitation. 

Xhe  author  concludes  with  a  summary  of  some  clinical  applications 
of  this  research,  as  well  as  of  the  previous  one  on  "  Intracranial 
Pressure,"  which  forms  the  subject  of  a  paper  in  this  year's  *  Phil, 
^r^jis.'  by  the  author  and  Mr.  Horaley. 


'X.  "  Contributions  to  the  CheinistrJ^  of  Chlorophyll.     No.  IV." 
By  Edw.  Schunck,  F.R.S.     Received  June  16,  1891. 

(Abstract.) 

I^his  paper  is  a  continuation  of  the  previous  ones  on  the  same 
'^^^l^ject.  After  describiDg  the  action  of  caustic  alkali  in  a  state  of 
*^sion  on  phyllocyanin  and  the  products  thereby  formed,  the  author 
pi^oceeds  to  give  an  account  of  phylloxanthin,  the  substance  formed 
*loxig  with  phyllocyanin  by  the  action  of  acids  on  chloix)phyll.  This 
^*  followed  by  a  description  of  the  change  which  chlorophyll  under- 
goes by  the  action  of  alkalis,  and  of  the  chief  product  thereby  formed, 
^bich  the  author  names  aUcachlorophyll. 
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X.  "On  some  Histological  Features  and  Physiological  Pro 
pei-ties  of  the  Postoesophageal  Nerve  Cord  of  the  Cms 
tacea."  By  W.  B.  Hardy.  Communicated  by  Dr.  Qaskeli 
F.R.S.    Received  June  17,  1891. 

[Publioation  deferred.] 

The    Society  adjom*ned  over   the  Long  Vacation  to  Thursdaj 
November  19. 
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Siena : — B.  Accademia  dei  Fisiocritici.     Atti.     Serie  4.     Vol.  III. 

Fasc.  3-4.     8vo.     Siena  1891.  The  Academy. 

■Stockholm : — Kongl.  Vetenskaps  Akademie.     Ofversigt.     Arg.  48. 

Nos.  3-4.    8vo.     Stockholm  1891.  The  Ae^enrj. 

Sydney: — Anstrslian  Muaenm.     Records.    Vol.  1.    "So.  ^.    ^'^o. 

\.1 
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Transactions  (continued). 

Sydney    1891 ;    Catalogue  of  the   Australian    Birds    in  th 
Musenm.     Part  3.     8vo.     Sydney  1891.  The  Masen 

Linnean  Society  of  New  South  Wales.     Abstract  of 
November,  1890  to  April,  1891.     8vo.     Sydney, 

The  Socie 
Ti'omsoe  : — Museum.    Aarshefter.  XIII.   8to.  Tromsj  1890 ;  Aa 

beretning.     1889.     8vo.     Troms^  1S90.  The 

Turin : — R.  Accademia  delle  Scienze.     Atti.     Vol.  XXVL     Di 
6-8.     8vo.     Torino,  The  Academ 

Vienna: — Kaiserllohe  Akademio   der   Wissenschaften. 

Jahrg.  1891.   Nos.  1-4.    8vo.    Wien;   Denkschriften.  (Ma 
Naturw.    Classe).       Bd.     LVI.       4to.     Wien    1889;    Den 
schriften  (Philos.-Histor.  Classe).     Bd.  XXXVII.  4to.    Wi 
1889;    Sitzungsberichte  (Math.-Naturw.  Classe).      Abth.         1. 
Bd.    XCVIII.      Heft  4-9.      Bd.  XCIX.      Heft  1-3.     8v^-o. 
Wien  1889-90;   Abth.   2a.     Bd.  XCVIII.     Heft  4-10.    B^-^. 
XCIX.     Heft  1-3.      8vo.     Wien  1889-90;    Abth.   2b.    B^-^- 
XCVni.     Heft  4-10.     Bd.  XCIX.     Heft  1-^.    8vo.     Wi^ssn 
1889-90;  Abth.  3.     Bd.  XCVHI.    Heft  5-10.    Bd, 
Heft  1-3.     8vo.     Wien  1889-90;  Sitzungsberichte   (PhU. 
Histor.  Classe) .     Bd.  CXIX— CXXI.    8vo.     Wien  1889-90. 

The  Academ j:::J 
K.K.  Geographische  Gesellschaft.  Mittheilungen.  BandXXXlI^^^ 

8vo.     Wien  1890.  The 

K.K.  Geologiscbe   Reichsanstalt.     Abhandlungen.     Band 

Heft  3.     4to.     Wien  1891.  The  Institui 

K.K.  Naturhistorisches  Hofmuseum.     Annalen.     Bd.  V.     Nr. 

8vo.     Wien  1890.  The 

K.K.  Zoologisch-Botanische  Gesellschaft.    Verhandlungen. 
XL.    Nos.  8-4.     8vo.     Wien  1890.  The  Societ; 

Washington  : — Bureau  of  Education.     Contributions  to  Americar:^^^^^^--^ 
Educational  History.     No.  3.     8vo.     Washington  1888. 

The 

National    Academy    of     Sciences.      Reports.     1888-90.      8v 

Washington  1890-91.  The  Academ; 

Smithsonian    Institution.      Report.      1888.      8vo.     Washingto — ''^ 

1890.  The  Institation==»' 

U.S.  National  Museum.     Bulletin.     No.  38.     8vo.      Washingto-     '^** 

1890;    Proceedings.     Vol.  XII.     Nos.    782-789.     Vol.  XIlK^' 

Nob.  790-833,  836,  838,  840-841.     8vo.     Washington  1890-9C^' 

The  Museunc^^"' 
Yokohama : — Asiatic  Society  of  Japan.     Transactions.  Vol.  XVIC^  -^' 
Part  2.     Vol.  XIX.     Part  1.     8vo.     Tokyo  1890-91. 

TheSociet^rr    f' 
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TnosaetioiiB  (continued), 
Zurich : — ^Naturforschende      Gesellscliafb.  Yierteljahrssclirift. 

Jalirg.  XXXV.     Heft  3-4.     8vo.     Zurich  IS90. 

The  Society. 


ObfWTTations  and  Reports. 

Albany: — Geological  Survey  of  the  State  of  New  York.     Fifth 

and  Sixth  Annual  Reports  of  the  State  Geologist.     1885-86. 

8vo.    Albany  1886-^7.  The  Survey. 

Brisbane: — Post     and    Telegraph    Department,    Chief    Weather 

Bureau.     Climatological  Tables.     October  to  Decembejr,  1889. 

Folio.     [Sheets.]     1890 ;  Meteorological  Synopsis.     February 

to   December,   1890,  and  January,  1891.     Folio.     [Sheets]  ; 

Summaries   of  Rainfall.     April   to   September,   1890.     Folio. 

[Sheets.]  The  Department. 

Gape  of  Gk)od  Hope : — Votes  and  Proceedings  of  Parliament.    1890. 

Folio  and  8vo.     Gape  Town ;  Acts,  Session  1890.     Folio.    Gape 

Town;   Report  of  the   Liquor    Laws  Commission,   1889-90. 

Folio.     Gape  Town  1890.  The  Cape  Government. 

Dublin  : — General  Register  Office.     Weekly  Return  of  Births  and 

Deaths.     January  to  June,  1891.     8vo.     Dublin, 

The  Registrar-General  for  Ireland. 
Edinburgh : — Observatory.   Circular.    Nos.  16-17.    4to.    [Sheets.] 

1891.  The  Observatory. 

Greenwich : — Royal    Observatory.      Report    of    the    Astronomer 

Royal  to  the  Board  of  Visitors.  The  Observatory. 

London : — Meteorological  Office.     Weekly  Weather  Report.     Vol. 

Vni.     Nos.    21-23.     4to.      LoncUm    1891;    Daily    Weather 

Report.     January  to  June,  1891.     4to.     London, 

The  Office. 
Melbourne  : — Centennial  International  Exhibition.  Official  Record. 

1888-89.     8vo.  *  Melbourne  1890. 

The  Executive  Commissioners. 
Observatory.    Monthly  Record.     August  and  September,  1890. 

8vo.     Melbourne.  The  Observatory. 

Mexico  : — Observatorio  Meteorol6gico-Magnetico  Central.     Boletin 

Mensual.     Resumen   del   Ano    de    1889.     Nos.   48-62.     4to. 

[MSxicoJ]  The  Observatory. 

Missouri: — G^logical  Survey.     Bulletin.     No.  4.     8vo.     Jeffenon 

City  1891 ;  Biennial  Report.     8vo.     Jefferson  Gity  1891. 

The  Survey. 
Montevideo : — Observatorio    Meteorol6gico.       Boletin      Mensual. 

Ano  3.     Ntim.  2.     8vo.    Montevideo  1891. 
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Observations  and  Reports  (continued), 

Pennsylvania: — Geological  Survey.     Dictionary  of  Possils.     Vol 
II-III.     8vo.     Harrishurg  1889-90 ;  Seventh  Report  on  th 
Oil  and  Gras  Fields  of  Western  Pennsylvania.     8vo.     Harru- 
hurg  1890 ;  Atlas,  Southern  Anthracite  Field.     Part  3.     1889 

The  Survey 


Potsdam: — Die  Koniglichen  Observatorien  fur  Astrophysik,  Me — 
teorologie  und  Geodasie ;  aus  Amtlichem  Anlass  herausg.  voi 
den  betheiligten  Directoren.     8vo.     Berlin  1890. 

The  Government  of  Germany,' through  H.M. 

Pulkowa. — Nicolai-Hauptstemwarte.     Catalog  von  5634  Stemei 
tuf  die  Epoche  1875.0.     Folio.     St.  Petershowrg  1891 ;  Stei 
Ephemeriden    auf    das    Jahr    1891.     8vo.     8t,    FStershaurg 
Bericht.     1887-89.     8vo.     8i.  Petershourg  1890. 

The  Observatoi 

San  Francisco  : — California  State  Mining  Bureau.     Tenth  AnnuB^^BBl 
Report.     1890.     With  Maps.     8vo.     Sacramento. 

The  Bnreai 

Stockholm : — Sveriges  Geologiska  Undersokning.  Ser.  Aa. 
blad  med  beskrifningar.  Nos.  84,  100,  103-107. 
Stockholm  1889 ;  Ser.  6b.  Specialkartor  med  beskrifningai^  ^' 
Nos.  4,  6.  4to  and  8vo.  Stockholm  1889-90 ;  Ser.  0.  AlPfc=^- 
handlingar  och  uppsarser.  Nos.  92-111,  113-115.  8vo  an^^  -^ 
4to.  Stockholm  1889-90;  Om  apatitens  forekomstsatt  i  Noi 
bottens  Ian  jemfordt  med  dess  upptradande  i  Norge. 
Lofstrand.     8vo.     Stockholm  1890.  The 

Sydney: — Observatory.    Meteorological  Observations.     1865-1871 

8vo.     Sydney,  The  Observatory      ^* 

Washington: — U.S.   Department  of  Agriculture.     Fifth   Report-==^- 
8vo.      Washington  1890.  The  Department    —-'• 

U.S.  Fish  Commission. .  Bnlletin.     Vol.  VIII.     8vo.     Washing " 

ton  1890.  The  Commission 

U.S.  Naval  Observatory.     Observations.     1885.     4to.     Washing ' 

ton  1891.  The  Observatory^ 

U.S.  Patent  OflBce.     OflBcial  Gazette.     January  to  June,  1891^ 

8vo.     Washington.  The  Office. 


Journals. 

American  Chemical  Journal.     Vol.  XIII.     Nos.  1-5.  8vo.     Balti- 
more 1891.  The  Editor. 

American  Jonrnal  of  Mathematics.     Vol.  XIII.     Nos.  2-3.     4to. 

Baltimxyre  1891.  The  Editors^ — 

American  Journal  of  Philology.     Vol.  XII.     No.  1.  8vo.     Balti — 
more  1891.  The  Editor^ 
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oals  (continued). 

nerican  Journal  of  Science.     Jannory  to  June,  1891.    8yo.    New 
Haven.  The  Editors. 

lalyst  (The)     January  to  April,  1891.     8vo.     London, 

The  Editor. 

inalen  der  Phjsik  nnd  Chemie.    1891.    Nos.  1-4.    8vo.    Leipzig; 

Beiblatter.     1890.     No.  12.     1891.     Nos.  1-5.     8vo.  Leipzig. 

The  Editors. 

males  des  Mines.     T<Jme  XVIII.    Livr.  6.     Tome  XIX.  Livr.  1. 

8vo.     Paris  1891.  £)cole  des  Mines,  Paris. 

males  des  Fonts  et   Ghaussees.      Novembre — D^cembre,  J890. 

Janyier — Mars,  1891.     Personnel,  1891.     8vo.     Paris. 

Minist^re  des  Travanx  Publics,  Paris. 

•cliiv  for  Mathematik  og  ISaturvidenskab.     Bd.  V.     Hefte  1-3. 

Svo.     Christiania  1880.     Bd.  XI.     Hefte  1-4.     8vo.     GhnS' 

tiania  1886.  The  Editors. 

itronomie  (L*)     Janvier — Juin,  1891.     8vo.  Paris. 

The  Editor, 
itronomische  Nachrichten.     Bd.  CXXYI.     4to.     Kiel  1891. 

The  Editors, 
henaeum  (The)     January  to  Jane,  1891.     4to.     London. 

The  Editor, 
lilder  (The)     January  to  June,  1891.     Folio.     London. 

The  Editor, 
lamber  of  Commerce  Journal.    Vol.  X.    Nos.  108,  110-112.    4to. 
London  1891.  The  London  Chamber  of  Commerce, 

lemical  News  (The)     January  to  Jane,  1891.     8vo.     London. 

The  Editor. 
iBmos.     Janvier — Juin,  1891.     8vo.     Paris. 

M.  r  Abb6  Valette. 

rectory  of  the  Scientific  Alliance  of  New  York,  1891.    8vo.    New 

York.  The  Council  of  the  Alliance. 

Incational  Times  (The)     January  to  June,  1891.    Folio.   London. 

The  College  of  Preceptors. 

ectrical  Engineer  (The)      January  to  June,  1891.     Folio.     Lon- 

don.  The  Editor. 

ectrical  Review  (The)      January  to  June,  1891.     Folio.    London. 

The  Editor, 
ectrician  (The)      January  to  June,  1891.     Folio.     London, 

The  Editor, 
ectricien  (L')     Janvier — Juin,  1891.     8vo.    Paris. 

The  Editor, 
dil^e  (Le)     Nos.  10-12.     8vo.     Paris  1891.  The  Editor, 

orological  Journal  (The)     Nos.  393-394.     8vo.    London  1891. 

The  Britisb  HoTo\ogvc«MrkE\i\\iu\ifc. 
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Journals  (contvntied). 

Industries.    January  to  June,  1891.    4to.    London. 

The  Editor 
Mathematische  und  Naturwissenscbaftliche  Bericbte  ans  UngarD 
Bd.VI-VII.    8vo.     Berlin  1889-90. 

The  Hungarian  Academy 

Meteorologische  Zeitschrift.      Januar — ^April,  1891.     Small  Folio 

Wien,  Oesterreichische  Gesellschaf t  f iir  Meteorologie 

Monitore  Zoologico  Italiano.     Anno  2.     ifum.  4-6.     8vo.     Firenx 

1891.  Istituto  Anatomico,  Florence 

Morphologisches  Jahrbuch.     Bd.  XVI.     Heft  1-2.     8vo.     Leipzi 

1891.  The  Editoi 

Morskoi  Sbomik.    [Russian.']  1890.    Nos.  7-9.     1891.     Nos.  1-2 

8vo.     St  Petersburg.  Compass  Observatory,  Cronstadt 

Naturalist  (The)     No.  191.     8vo.     London  1891. 

The  Editon 
Nature.     January  to  June,  1891.     Roy.  8vo.    London. 

The  Editoi 
Nature  Notes.     Vol.  II.     No.  18.     8vo.    London  1891. 

The  Editoi 
New  York  Medical  Journal.     January  to  June,  1891.     4to.     Net 
York.  The  Editoi 

Notes  and  Queries.     January  to  June,  1891.     4to.     London. 

The  Editoi 
Nyt  Magazin   for  Naturvidenskabeme.     Bd.   XXX.     Hefte   2-4 
Bd.  XXXI.     Hefte  1.     8vo.     Christiania  1886-87. 

The  Editon 
Observatory  (The)  .  January  to  June,  1891.     8vo.     London. 

The  Editors 

Revista  do  Observatorio.     Anno  6.     No.  4.     8vo.     Bio  de  Janeir 

1891.  .  The  Observatory,  Rio  de  Janeirc 

Revue  Generale  des  Sciences.     Janvier — Juin,  1891.     8vo.     Parti 

The  Editoi 
Revue   Medico-Pharmaceutique.     Annee  4.      No.   5.      4to.     Con 
stantinojple  1891.  The  Editoi 

Revue  Scientifique.     Janvier — Juin,  1891.     4to.     Paris, 

The  Editoi 
Sbomik  Materialov  dlya  Opisaniya  Myestenostei  i  Piemen  Kavkazi 
[Collection  of  Materials  for  the  Description  of  the  Localitie 
and  Races  of  the  Caucasus — Russian.'}     8vo.     Tiflu  1891. 

Curateur  de  TArrondissement  Scolaire  du  Caucasc 

Stazioni  Sperimentali  Agrarie  Italiane  (Le)     Vol.  XX.     Fasc.  4 

8vo.     Asti  1891.  R.  Stazione  Enologica,  Asti 

Symons's  Monthly   Meteorological   Magazine.     January  to   June 

1891.     8vo.     London.  Mr.  Symons,  F.R.S 
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Journals  {conHnued). 

Ungarische  Kevne.     1888.    Heft  7-10,  1889.    Heft  1-10,  1890. 
Heft  1-4.    8vo.    Budapest  1888-90. 

The  Hungarian  Academy. 

Zeitschrift  f or  Biologie.     Bd.  IX.     Heft  4     Bd.  X.   Heft  1.    8vo. 

Munchen  1891.  The  Editors. 


Bergholm  (J.)     Neue  Bechnangsmethoden  der  hoheren  Mathematik. 

8vo.     S^^^ar^  1891.  The  Author. 

Bredichin    (Th.)     Snr  les    Ph^nom^nes    Extraordinaires   present^ 

par  la  Grande  Com^te  de  1882.     8vo.     St.  Fetersbourg  1890. 

The  Author. 
Buckton    (G.   B.),   F.R.S.     Monograph  of   the   British   CicadeB  or 

TettigidsB.   Vol.  II.   Part  6.   8vo.   London  1891.         The  Author. 
Emerson  (P.  H.)  and  T.  P.  Goodall.     Notes  on  Perspective  Drawing 

and  Vision.     8vo.     London  1891.  The  Authors. 

Evans  (H.)     Some  Account  of  Jura  Red  Deer.     8vo.     Derby  [1890]. 

The  Author. 
Jacobi  (C.  G.  J.)     Gesammelte  Werke.     Band    VI.     4to.     Berlin 

1891.  K.  Preuss.  Akademie  der  Wissenschaften. 

Lopatinskii  (L.)     [Russian-Kabardan  Dictionary  of  Ukazatelem  and 

Eratkoju  Grammar.    Russian,'}     8vo.     Tiflis  1890. 

Curateur  de  TArrondissement;  Scolaire  du  Caucase. 
Mensbrugghe  (G.  van  der)     Sur  la  Propriete  Caracteristique  de  la 

Surface   Commune   k  Deax   Liquides  soumis    k    leur  Affinite 

Mutuelle.      Tsoisi^me  Communication.      8yo.     Bruxelles  1891 ; 

Sur  une  Particularity  Curieuse  des  Coars  d'Eau  et  sur  Tune  des 

Causes  des  Crues  Subites.     8vo.     Bruxelles  1891.       The  Author. 
-^oktar   (Mohamed,    Pacha)       £tude   sur    FOrigine    des    Mesures 

Sgjptiennes  et  leur  Valeur.     8vo.     Le  Ca^ire  1S91. 

The  Sirdar  of  the  Egyptian  Army. 
Nicholson  (J.  W.)     A  Direct  and   General  Method  of  finding  the 

Approximate  Valaes  of  the  Real  Roots  of  Numerical  Equations 

to  any  Degree  of  Accuracy.     4to.     New  Orleans  1891. 

The  Author. 
barker  (B.  W.)     Diphtheria :    its  Nature   and   Treatment.     Third 

Edition.     8vo.     London  1891.  The  Author. 

■^fluger  (E.),   For.  Mem.  R.S.     Die  Qaelle  der  Muskelkraft.     8vo. 

Bonn  1891.  The  Author. 

-^«ijna  (M.)     Sul  Metodo  Grafico  nel  Calcolo  delle   Eclissi  Solari. 

8vo.     MOano  1891.  The  Author, 

^att  (Q.)     A  Dictionary  of  the  Economic  Products  of  India.    YcAa, 

UI-IV.    8m    London  1890.  The  GovenimeYi^.  ol  ItLeLSsa., 
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Yarkand  Mission,  Scientific  Results  of  the  Second.   Goleoptera. 
Calcutta  1890.  Tlie  Ooyemment  of 


Appai*atns  for  illustratiog  the  Effects  of  the  Earth's  Bevolntion  ^       fn 
her  Orbit.  '  Mr.  0.  M.  Jesso^^^op. 

Eight  Photographs  of  Carboniferous  Batrachians. 

Sir  J.  W.  Dawson,  F.R S. 


indix  to  the  Report  of  the  Kexo  Committee  for  the 
Year  ending  December  31,  1890. 


iIagnetical  and  SIeteorological  Observations, 

it  the  Kew  Observatory,  Richmond,  Lat.  51°  28'  6" 
nd  Long.  0^  1°*  15'-1  W.,  height  34  feet  above  mean 
evel,  for  the  year  1890. 


esnlts  given  in  the  following  tables  are  dednced  from  the 
•graph  curves  which  have  been  standardised  by  observations 
;tion  aod  vibration.  These  were  made  with  the  Collimator 
K.C.  1.  and  the  Declinometer  Magnets  marked  N.E.  and 
in  the  9-inch  Unifilar  Magnetometer  bj  Jones, 
nclination  was  observed  with  the  Inclinometer  by  Barrow, 
smd  needles  1  and  2,  which  are  Z\  inches  in  length. 
)eclination  and  Force  values  given  in  Tables  I  to  VI  are  pre- 
accordance  with  the  suggestions  made  in  the  fifth  report  of 
mittee  of  the  British  Association  on  comparing  and  reducing 
c  Observations. 

)llowing  is  a  list  of  the  days  during  the  year  1890  which 
ected  by  the  Astronomer  Boyal,  as  suitable  for  the  deter- 
i  of  the  magnetic  diurnal  variations,  and  which  have  been 
i  in  the  preparation  of  the  magnetic  tables. 

January    5,     7,  12,  30,  31. 

February 2,     7,  10,  23,  25. 

March   2,     3,     9,  29,  30. 

April 3,    9,  18,  25,  28. 

May 1,  13,  16,  22,  29. 

June 6,  10,  15,  24,  30. 

July 3,     9,  14,  28,  29. 

August 4,  12,  13,  28,  30. 

September    8,     9,  23,  27,  28. 

October 4,     7,  21,  28,  29. 

November 3,     6,  11,  24,  29. 

December 3,     7,  12,  14,  26. 


156 


Appendix  to  the  Report  of  the  Kew  Committee. 


Table  I. — Hourly  Means  of  Declination  at  the  Kew  Observatory,  Richmond, « 
(17°  +  West).  Month  during 


Sours  •  •  • . 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


Winter. 


1890. 
Months. 
January  .. 
Februaiy.. 
March .... 
October   . . 
November 
December 


Mean .... 


52.5 
52-3 
51-7 

48*4 
47-4 
46*5 


49-8 


53  1 
52-5 
52  0 
48-4 
47-6 
47  0 


501 


53 
52 
51 
48 

47 
47 


•1 
•9 
•2 
•1 

•7 
0 


50-0 


52*8 
53-0 
51  1 
48*2 
47-6 
46-8 


49-9 


52 
52 
51 

48 
47 


6 
7 
4 
2 
5 


46-9 


49-9 


52-6 
52*4 
50-8 
47-8 
47-2 
46-7 


49-6 


•/ 

52-7 
52-2 
50-4 
47  0 
470 
46-4 


49*3 


52*8 
51-3 

49-8 
46*4 
46-8 
46*1 


48-8 


52-3 
50*8 
49*8 
46 

47 


0 
1 


46-2 


49-7 


52-8 
61-8 
51-5 
47*7 
48-3 
47-2 


49*8 


58*6 
58*9 
54*8 

50*1 
60  H> 
48-0 

51*5 


Summer. 


April   

May 

June 

July 

August 

September  . 

Mean.. . 


/ 

/ 

f 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

51-4 

51-3 

51-2 

50-7 

50  0 

49-7 

48-5 

47*9 

48-5 

61  0 

54-8 

50-9 

50-5 

50-2 

49*4 

48-4 

48-1 

47-8 

481 

49-3 

62  0 

54*8 

50-9 

50-7 

50-1 

49-4 

48*2 

47-2 

47*2 

47  0 

481 

60*8 

58-8 

50-8 

50-8 

50-3 

49*5 

48-4 

47-7 

47*4 

47-7 

49*2 

50-7 

68*7 

49-7 

49-5 

49*2 

48-9 

48-1 

47*4 

47  1 

47-2 

48-8 

51*3 

54-4 

48  1 

47-9 

47-4 

47-3 

47*2 

47  1 

46-4 

46-6 

47-8 

49-8 

51*6 

50-3 

50  1 

49-7 

49-2 

48-4 

47-9 

47*4 

47-4 

48-6 

50  9  53  -8 

1 

Table  II. — Solar  Diurnal  Range  of  the  Ken 


Hours. 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


10. 


11. 


Summer  Mean. 


0-6 


/ 

1 

/ 

/ 

/ 

f 

/ 

/ 

0-8 

-1-2 

-1-7 

-2-5 

-3  0 

-3-5 

-3-5 

-2-3 

'    i    ' 

-0  0  I  +2-4 


Winter  Mean. 


0-5 


/ 

/ 

/ 

f 

-0-2 

-0-3 

-0-4 

-0  4 

/ 

/ 

/ 

/ 

/ 

0-7 

-10 

-1-5 

-1-6 

-0-6 

+  1-2 


Annual  Mean. 


1 

/ 

1 

/ 

/ 

-0-6 

-0-5 

-0-8 

-1-0 

-1-5 

-10     -2-2 


Note. — When  the  sign  is  +  the  magn 
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Eiined  from  the  Magnetograph  Curves  on  Five  selected  quiet  Days  in  each 
1890. 


1. 

2. 

8. 

4. 

5. 

6. 


7. 


8. 


Winter, 


/ 

/ 

/ 

/ 

• 

/ 

/ 

/ 

/ 

/ 

/ 

56-2 

55-2 

54*4 

54*0 

53-6 

53-2 

53  0 

52-5 

52*2 

52-2 

62*2 

66-7 

56  0 

55-2 

54*1 

58  3 

63  0 

52-8 

52-2 

51-8 

51-8 

61-4 

67-3 

56-6 

54*9 

52-7 

52-0 

51-9 

51-7 

51-9 

51-8 

51-8 

51-7 

62-7 

52  1 

51-1 

49-7 

49-3 

49  0 

48-8 

48-3 

47  1 

46-9 

47-1 

61-7 

50-2 

49  1 

48*4 

48-0 

47-9 

47-8 

47-6 

47*4 

47-1 

47-3 

49-0 

48-7 

47-8 

47  1 

46-7 

46*5 

46-6 

45-9 

45-2 

45*4 

45*3 

53*8 

53  1 

52  1 

51  0 

50-5 

50-3 

50  1 

49-7 

49-3 

49-2 

49*2 

52*3 
61  1 
61-7 
47-6 
47-6 
46-7 


49*3 


Summer. 


/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

f 

/ 

/ 

67-8 

66-5 

55  0 

53-5 

52-3 

51-9 

51-6 

61-2 

51 -7 

61*5 

51*6 

661 

55-5 

54-0 

52-6 

51-6 

51-2 

50-9 

60*9 

51-1 

51-2 

61-8 

66-6 

55-6 

55  1 

53-9 

52-7 

52-0 

51-4 

61*2 

51*0 

51-1 

60-7 

66-6 

56-5 

54-9 

53*2 

51-5 

50-8 

51-2 

61*3 

61-4 

51-3 

61-0 

66-8 

56-4 

63-4 

51-6 

50-4 

50-8 

50-3 

50-4 

60*3 

50-2 

49*9 

63-7 

52-4 

50-5 

49-7 

49-5 

49-3 

49-3 

49*0 

49  0 

48-7 

48-6 

56  1 

55-3 

53-8 

52-4 

51-3 

50-9 

50-8 

50-7 

50-8 

50-7 

50*5 

61 
61 
60 
60 
49 


1 
0 
4 

5 
'6 


48*2 


50*1 


oation  as  derived  from  Table  1. 


t 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Mid. 

Summer  Mean. 

} 

+  5-2 

/ 

+  4-4 

/ 

+  2-9 

+  1-5 

+  0-4 

0  0 

-0-1 

-0-2 

-0  1 

-0-2 

-0-4 

-0-8 

Winter  Mean. 

i 

+  3-5 

+  2-8 

+  1-8 

-f-0-7 

+  0-2 

0  0 

-0*2 

-0-6 

-10 

-11 

-1-1 

-1-0 

Annual  Mean. 

r 

+  4-4 

+  3-6 

+  2-4 

+  1-1 

0 
+  0*3 

0  0 

-0-2 

-0*4 

-0*6 

-0-7 

-0*8 

-0-9 

U>  the  west  of  its  mean  po$itioD. 
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Table  III. — Hourly  Means  of  the  Horizontal  Force  at  the  Kew  Obaervs 
0-18000  +  (C.G.S.  units).  Temperature)  on  Five  selected 


Hours  •  •  • . 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Winter. 


Summer. 


1890. 

Months. 

166 

164 

166 

168 

171 

172 

173 

171 

167 

162 

February.. .. 

168 

168 

169 

171 

173 

173 

174 

172 

168 

162 

March 

173 

174 

174 

173 

176 

176 

176 

171 

166 

158 

October   .... 

168 

170 

170 

171 

171 

171 

168 

164 

155 

1.50 

NoTember   . . 

165 

164 

166 

167 

170 

170 

170 

168 

164 

159 

December    . . 

165 

165 

167 

170 

172 

171 

172 

171 

167 

162 

Mean .... 

168 

168 

169 

170 

172 

172 

172 

170 

165 

159 

April    

May 

June 

July 

August 

September  . 

Mean . . . 


180 

178 

179 

180 

180 

178 

177 

169 

159 

154 

187 

184 

183 

181 

180 

176 

173 

166 

165 

165 

186 

185 

184 

182 

181 

175 

170 

166 

165 

163 

180 

178 

180 

178 

177 

175 

168 

162 

158 

167 

175 

176 

176 

175 

173 

169 

163 

156 

151 

162 

174 

171 

172 

171 

170 

166 

163 

158 

150 

150 

180 

179 

179 

178 

177 

173 

169 

163 

158 

157 

(C.G.S. 

units) 

• 

Table  IV. 

Diurnal  Range  of  the 

Hours  ... 

1. 

2. 

8.              4. 

6. 

6. 

7.       '       8. 
i 

9. 

10. 

Summer 

mean. 

'+•00004 

+  -0000S 

+  •00003 

+  •00002 

+  •00001 

-•00003 

-•00007  -•00013 

-•00018 

-•00019 

— 

Winter  mean. 

•00000 

•00000     +  -00001 

1 
+  •00002 

+  •00004 

+  •00004 

+  •00004 

+  •00002   -•00003 

-•00009  - 

Annual  mean.               ^ 

+  •00002 

+  •00002 

1 

+  •00002  + -00002  + -00003 

+  •00001 

1 
-•00002 

-•00006-00011 

-•00014 

- 

Note.— When  the  siffn 
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iJUehmond,  as  determined  from  the  Magnetograph  Curves  (corrected  for 
whjs  in  each  Month  dnring  the  Year  1890. 


1  Voon. 

1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 

10. 

11. 

Mid. 

Winter. 

Summer. 


159 

164 

166 

167 

167 

167 

167 

167 

167 

166 

165 

165 

166 

160 

162 

167 

169 

170 

172 

172 

174 

174 

175 

174 

173 

174 

168 

168 

173 

175 

173 

173 

174 

176 

175 

176 

176 

175 

174 

Ul 

167 

160 

165 

164 

170 

171 

172 

169 

169 

169 

170 

169 

168 

165 

169 

169 

168 

171 

171 

171 

169 

168 

167 

168 

170 

164 

168 

169 

170 

168 

166 

162 

163 

160 

160 

160 

164 

164 

160 

164 

167 

169 

168 

170 

170 

171 

169 

169 

169 

169 

170 

— —  — 
166 

172 

177 

181 

181 

183 

182 

187 

184 

185 

184 

184 

184 

177 

181 

185 

180 

182 

186 

191 

196 

193 

190 

190 

193 

191 

•170 

177 

182 

188 

184 

185 

196 

195 

193 

191 

186 

183 

184 

171 

177 

185 

189 

189 

187 

187 

189 

189 

188 

186 

188 

180 

166 

175 

179 

177 

178 

176 

180 

184 

.182 

182 

181 

180 

179 

164 

108 

171 

166 

168 

170 

172 

171 

172 

174 

171 

174 

173 

168 

176 

180 

180 

180 

181 

185 

187 

186 

185 

183 

188 

182 

Biorizo 

ntal  F 

orce  w 

3  dedu 

ced  fr< 

5m  Tahle  III. 

11. 

*«. 

1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9.       ,     10. 

1 

Mid. 

SamnMr  mena. 

: 
1 

-00001 

+  *00004 

+  •00004 

+  •00004 

+ -00005  +  •00009 

+  •00011 

+  •00010 

1 

+ -000091+ -00007 

+ -00007 

+  •00006 

Winter  mean. 

*'€00W 

-00004 

-•00001 

+  •00001 

•00000 

+  •00002 

+  •00002 

+  •00008 

+  •00001 

+ -00001 

+  •00001 

+ -00001 

+  •00002 

' 

An 

mnal  met 

m. 

-•OOOOM 


- -00002 


+ -00001  +  •00008 


+  •00002 


+  •00004 


+  •00006 


+  •00007 


+  •00006 


+ -00006 


+  •00004 


+  •00004 


+ -00004 


if  above  Uu  mean. 
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Table  V. — Hourly  Means  of  the  Vertical  Force  (corrected  for  Temperature) 

the  Five  selected  qniet  Dajs  h 

0 -43000  +  (C.a.S.  units). 


Hours 


1890. 
Months. 
Januarj 
February 
March  •• 
April    . 
May... 
June 
July . . . 
August. 
September 
October    . . 
November 
December  . 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

972 

971 

971 

971 

971 

971 

972 

972 

973 

970 

( 

958 

957 

958 

959 

960 

960 

961 

962 

962 

959 

t 

942 

943 

943 

945 

947 

948 

950 

951 

949 

946 

945 

946 

946 

947 

949 

950 

952 

950 

946 

940 

969 

969 

969 

971 

973 

972 

971 

965 

962 

958 

969 

970 

969 

972 

973 

970 

967 

961 

958 

958 

956 

956 

956 

957 

958 

957 

958 

956 

954 

945 

936 

937 

937 

938 

940 

941 

941 

940 

935 

938 

935 

936 

936 

938 

938 

940 

940 

940 

936 

938 

929 

929 

929 

930 

930 

930 

930 

931 

931 

929 

1 

Note. — During  a  part  of  November  and  December  the 


Table  VI.- 


67°  + 


Hours 


1890. 
Months. 
January 
Februarj 
March . 
April   . 
May. . . 
June    . 
July. . . 
August 
September 
October 
November 
December 


1. 


33-2 
32-7 
31-9 
31-5 
31-7 
81*8 
31-8 
31-6 
31-6 
31-7 


-Hourly  Means  of  the  Inclination  at  the  Kew  Obsen 

Five  selectee 


<> 


33-3 
32-6 
31-9 
31-7 
31-9 
31-9 
32  0 
31-6 
31-9 
31-8 


I 


3. 


33-2 
32-6 
31-9 
31-6 
32  0 
31  9 
31-8 
31  G 
31-8 
31-8 


I 


4. 


8. 


/ 

/ 

/ 

1 

33-0 

32  8 

32-8 

32-7 

32-5 

32-4 

32-4 

32*4 

32  0 

31-8 

31-9 

32  0 

81-6 

31-6 

31-8 

31-9 

32-2 

32-3 

32-5 

32-7 

321 

32-2 

32-5 

32-8 

32  0 

32  1 

32-2 

32-7 

31-6 

31-8 

32  1 

32-5 

31  9 

32-0 

32-3 

32-5 

31-9 

320 

32-2 

32-5  1 

— ^ 

— 

1 

1     t 

9. 


/ 

/ 

32-9 

33-2 

88-4 

32-5 

32  8 

831  • 

32-3 

32-6 

88-0 

32-4 

32-9 

88-1 

33  0 

33  0 

32-9 

330 

32-9 

82*9 

33  0 

33-2 

88-1 

33  0 

33-2 

38-0 

32*8 

33-3 

38-2 

32-9 

33  1 

88*0 

1 
1 

Si 
K! 
83 

s: 

8! 
8! 
8! 
8! 


Note. — Owing  to  the  doubtful  action  of  the  vertical  force  magnetometer  during  a  p 
observed  mean  values  on  Nov.  24,  25  and  Dec.  22,  21  are  inserted  in  italics. 
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Observatory,  Richmond,  as  determined  from  the  Magnetograph  Cnrves  on 
Month  during  the  Year  1890. 


a. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Mid. 

970 

972 

973 

971 

971 

970 

970 

970 

969 

968 

967 

967 

956 

9fk) 

963 

964 

964 

963 

964 

964 

963 

964 

963 

962 

942 

946 

952 

956 

956 

955 

957 

956 

956 

966 

957 

959 

938 

944 

949 

952 

954 

954 

954 

953 

952 

952 

951 

952 

957 

961 

961 

963 

965 

965 

964 

962 

962 

961 

962 

961 

954 

957 

961 

966 

967 

967 

968 

967 

967 

967 

967 

968 

944 

951 

955 

960 

961 

959 

957 

957 

955 

955 

954 

954 

933 

941 

942 

941 

941 

942 

940 

940 

940 

939 

939 

940 

932 

935 

935 

935 

933 

933 

933 

933 

933 

934 

934 

936 

924 

925 

926 

926 

926 

925 

925 

923 

923 

922 

921 

921 

▼ertical  force  instrument  was  not  satisfactory. 


led  from  the  Horizontal  and  Vertical  Forces  derived  from  the 
D  each  Month. 


B. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Mid. 

« 

/ 

/ 

/ 

f 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

•6 

33-3 

83-2 

83-2 

331 

33  1 

33-1 

331 

33-1 

33-1 

33*1 

33  1 

83-1 

1 

88-0 

82  8 

82-7 

82-7 

32*6 

32*5 

32*4 

32*4 

32*4 

32*4 

32-5 

82-4 

•6 

82-2 

32  O 

32-0 

32-3 

32-3 

32*2 

32*1 

32-2 

32*1 

32  1 

32-2 

32*3 

1 

81-9 

31-7 

31-6 

31-6 

31-6 

31-6 

31*3 

31*5 

31*4 

31*4 

31*4 

81*4 

0 

81-8 

81-6 

82  0 

31-9 

31*7 

31  3 

31  0 

31*1 

31-3 

31*3 

31-1 

31-2 

« 

82  0 

31-7 

31-4 

31-8 

31*8 

31  1 

31-2 

31-3 

31*4 

31*7 

31-9 

31*9 

0 

81-7 

81-5 

31-2 

31-3 

31-5 

31*4 

31*3 

31*3 

31*3 

31-4 

31*6 

31-8 

0 

81*5 

31*6 

31-6 

31-5 

31*7 

31-4 

31*1 

31*2 

31-2 

31*3 

31*3 

31-4 

t 

820 

31-8 

32-2 

32  0 

31-8 

31*7 

31-8 

31-7 

31*6 

31*8 

31-6 

31-7 

1 

81-8 

81-6 

31-7 
SS'f 

31-7 

31*7 

31-4 

31*3 

31-3 

31*4 

31*5 

31-5 

31*6 

— 

SI '7 

— 

— 

— 

, 

— 

— 

iber  mod  December,  the  inclination  has  not  been  calculated  for  those  months,  but  the 


.   L. 
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Table  IV. 


iummary  of  San-spot  ObservatioiiB  made  at  the  Kew  Observatory. 
I 


Months. 


188i». 


October.. 
November 
December 


1890. 


January  . 
February. 
March . . . 


April 

May., 

June 


July 

August . . . 
September. 
October . . . 


NoTember. 
December 


Days  of 
observation. 


Totals  for  1890  .... 


Number  of 
new  groups 
enumerated. 


Days  appa- 
rently with- 
out spots. 


17 

1 

13 

11 

0 

11 

9 

3 

6 

\i 

2 

7 

It 

0 

14 

*  The  Sun  was  only  faintly  visible  on  two  days  during  the  month. 
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November  19, 1891. 

Mr.  JOHN  EVANS,  D.C.L.,  LL.D.,  Ti-easurer,  in  the  Chair. 

Mr.  William  Anderson  and  Professor  Frederick  Orpen  Bower  were 
admitted  into  the  Society. 

A  List  of  the  Presents  receiyed  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

In  pursuance  of  the  Statutes,  notice  of  the  ensuing  Anniversary 
Meeting  was  given  from  the  Chair. 

Sir  James  Cockle,  Mr.  F.  Galton,  and  Mr.  Stainton  were  by  ballot 
elected  Auditors  of  the  Treasurer's  accounts  on  the  part  of  the 
Society. 

The  following  Papers  were  read  : — 

I.  "  The  Thermal  Emissivity  of  Thin  Wires  in  Air."    By  W.  E. 
Aykton,  F.R.S.,  and  H.  Kilgour.    Received  July  2,  1891. 

(Abstract.) 

In  1884  it  was  observed  experimentally  that  whereas  the  electric 
current  required  to  maintain  a  thick  wire  of  given  material,  under 
given  conditions,  at  a  given  temperature  was  approximately  pro- 
portional to  the  diameter  of  the  wire  raised  to  the  power  three  halves, 
the  current  was  more  nearly  proportional  to  the  first  power  of  the 
diametor  if  the  wire  were  thiJi.  When  this  difference  in  the  behaviour 
of  a  thick  and  thin  wire  was  first  noticed  it  was  regarded  as  being 
quite  unexpected.  But,  as  pointed  out  by  one  of  us  in  the  course  of 
a  discussion  at  a  meeting  of  the  Royal  Society,  the  unexpected  charac- 
ter of  the  result,  was  due  to  people  having  assumed  that  the  loss  of 
heat  from  radiation  and  convection  per  square  centimetre  of  surface 
per  1°  excess  temperature  was  a  constant,  and  independent  of  the  size 
and  shape  of  the  cooling  body. 

The  very  valuable  investigations  that  have  been  made  on  emissivitj 
by  Mr.  Macf arlane,  Professor  Tait,  Mr.  Crookes,  Mr.  J.  T.  Bottomley, 
and  by  Mr.  Schleiermacber  had  for  their  object  the  determination  of 
the  variation  of  the  emissivity  with  changes  of  the  surface  and  with 
change  in  the  density  of  the  gas  surrounding  the  cooling  body,  but  it 
}ra/9  not  part  of  these  investigations  to  determine  the  change  in  the 
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sussiYlty  that  is  produced  by  change  in  tHe  shape  and  size  of  the 
x>ling  body.  Indeed,  so  little  has  been  the  attention  devoted  to  the 
ary  large  change  that  can  be  brought  abont  in  the  value  of  the 
nissivitj  by  simply  changing  the  dimensions  of  the  cooling  body, 
lat  in  Professor  Everett's  very  valuable  book  of  Units  and  Physical 
Constants  the  absolute  results  obtained  by  Mr.  Macfarlane  are  given 
s  the  "  results  of  experiments  on  the  loss  of  heat  from  blackened  and 
olisbed  copper  in  air  at  atmospheric  pressure/'  and  no  reference  is 
lade  either  to  the  shape  or  to  the  size  of  the  cooling  body. 

[November  19,  1891. — Since  this  paper  was  sent  in  to  the  Boyal 
bciety,  a  new  edition  of  this  book  has  appeared,  and,  in  consequence 
r  a  suggestion  made  to  Professor  Everett,  the  word  '*  balls  "  has  been 
dded  after  the  word  *'  copper  "  in  this  new  edition,  as  well  as  the 
>llowing  paragraph : — 

"  Influence  of  Size. 

**  According  to  Professor  Ayrton,  who  quotes  a  table  in  '  Box  on 
leat,'  the  coefficient  of  emission  increases  as  the  size  of  the  emitting 
ody  diminishes,  and  for  a  blackened  sphere  of  radius  r  cm.  may  be 

..O-O0O4928+2:522?622. 


4C 


The  value  in  M'Farlane's  experiments  was  2.*'] 


The  laws  which  govern  the  loss  of  heat  fix>m  thin  cylindncal  con- 
uctors  have  not  only  considerable  scientific  interest  in  showing  how 
ie  shape  of  a  body  affects  the  convection  currents,  but  they  are  of 
ipecial  importance  to  the  electrical  engineer  in  connexion  with  glow 
imps,  hot-wire  voltmeters,  fuses,  Sdg.  We,  therefore,  thought  it 
esirable  to  ascertain  the  way  in  which  the  law  of  cooling  for  thick 
ires,  which  involved  the  diameter  raised  to  the  power  three  halves, 
lissed  into  the  law  for  the  cooling  of  thin  wires,  involving  only  the 
rat  power  of  the  diameter.  For  this  object^  the  investigation  described 
I  the  paper  was  commenced  at  the  beginning  of  1888,  and  the 
nissivity  was  measured  of  nine  platinum  wires,  having  the  diameters 
1 1-2,  2-0,  2-9,  40,  60,  81,  93,  11-1,  and  14  mils,  or  thousandths  of 
1  inch. 

Suspecting  that  some  of  the  published  results  concerning  the  currents 
K|iiired  to  fuse  wires  had  been  much  influenced  by  the  cooling  action 
:  the  blocks  to  which  the  ends  of  the  wires  were  attached,  we  started 
f  making  a  calculation  of  the  length  necessary  to  give  to  our  wires, 
»  that  the  loss  of  heat  by  conduction  should  not  introduce  any  im- 
nrtant  error  into  the  determination  of  the  emissivity.  To  do  this  it 
'as  necessary  to  calcalate  the  distribution  oi  temi^TaViUT^  ^otl^  ^ 


168  Prof.  W.  E.  Ayrton  and  Mr.  H.  Kilgour.      [Nov.  19, 

wire  throngh  which  a  steady  carrent  was  flowing  and  fi*om  which  heat 
was  lost  by  radiation,  convection,  and  conduction,  and  it  was  farther 
necessary  to  improye  on  the  calculation  one  of  us  had  published  on 
this  subject  in  the  *  Electrician '  for  1879,  by  taking  into  account  the 
fact  that  the  emissivity,  as  well  as  the  thermal  and  electric  conducting 
power,  of  the  wire  differed  at  different  points  in  consequence  of  the 
difference  of  temperature. 

Until  we  had  completed  the  experiments  described  in  this  paper 
we  could,  of  course,  only  employ  in  this  calculation  values  that  we 
had  guessed  at  as  being  something  near  the  truth  for  the  emissivity 
of  platinum  wii*e  for  different  diameters  and  at  different  temperatures. 
Hence,  after  the  completion  of  the  experiments,  we  took  up  the 
mathematical  investigation  again,  substituting  for  the  emissivity  such 
a  function  of  the  diameter  of  the  wire  and  the  temperature  of  the 
point  as  we  had  experimentally  found  it  to  be.  Section  IV  of  the 
paptr  contains  the  investigation  by  which  we  finally  an*ived  at  the 
calculated  distribution  of  temperature  along  the  wire,  and  we  have  to 
t'x press  our  sincere  thanks  to  Professor  Heurici  (whom  we  consulted 
as  to  the  best  method  of  practically  solving  the  rather  complex 
differential  equation  an*ived  at)  for  the  warm  interest  that  he  has 
taken  in  the  mathematical  treatment  of  the  subject,  and  for  the  many 
suggestions  which  he  has  made,  and  which  have  enabled  us  to  arrive 
at  the  mathematical  solution  given  in  the  paper. 

Each  wire  to  be  tested  was  stretched  along  the  axis  of  a  water 
jacketed  cylinder  32*6  cm.  long,  the  inner  surface  of  which  was 
blackened  and  kept  at  a  constant  temperature  by  a  stream  of  water 
flowing  through  the  jacket.  The  rate  at  which  heat  was  lost  by  any 
one  of  the  wires  was  measured  by  the  product  of  the  current  passing 
through  it  into  the  P.D.  (potential  diflerence)  maintained  between  its 
ends,  while  the  ratio  of  the  P.D.  to  the  current  gave  the  resistance  of 
the  wire  and,  therefore,  its  temperature.  Experiments  were  in  this 
way  made  with  various  cun-ents  flowing  through  each  of  the  nine 
wires. 

As  the  variation  of  resistance  with  temperature  is  known  to  vary 
with  different  specimens  of  platinum,  experiments  were  separately 
made  to  determine  the  actual  law  of  variation  of  resistance  with 
temperature  up  to  300'  C.  for  each  piece  of  wire  that  had  been 
employed  in  the  emissivity  experiments. 

In  this  later  determination  various  thermometers  were  used,  and 
the  subsequent  comparison  of  these  thermomotera  with  a  Kew  standard 
thermometer  involved  a  vast  amount  of  labour,  from  the  fact  that  it 
is,  or  at  any  rate  was  not  possible  three  years  ago,  to  purchase  from 
the  Kew  Observatory  a  standard  thermometer  reading  from,  say,  200* 
to  300**  C,  with  a  short,  wide  chamber  at  the  base  in  which  the 
mercury  expanded  below  200°  C.     All  that  could  be  obtained  was  a 
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long  thermometer  which  had  been  carefully  tested  between  0°  and 
100''  C,  and  the  remainder  of  whose  tabe  had  been  simply  calibrated 
for  uniformity  of  bore.  The  consequence  was  that  when  we  desired 
to  compare  one  of  our  thermometers  reading,  say,  from  20O'  to  300*^  C, 
with  the  Kew  standard,  their  bulbs  were  very  far  apart  when  both 
were  immersed  in  the  oil -bath,  and  with  the  tops  of  the  mercury 
columns  just  abo^e  the  surface  of  the  oil.  A  short  description  is 
given  in  the  paper  of  the  devices  employed  to  overcome  this  difficulty 
and  which  enable  an  accurate  comparison  to  be  made  between  the 
thermometers. 

On  examining  the  curves  accompanying  the  complete  paper  which 
show  the  emissivity  for  each  temperature  for  each  of  the  nine  wires, 
we  see  that : — 

1.  For  any  given  temperature  the  emissivity  is  the  higher  the  finer 
the  wire. 

2.  For  each  wire  the  emissivity  increases  with  the  temperature, 
and  the  rate  of  increase  is  the  grreater  the  finer  the  wire.  For  the 
finest  wire  the  rate  of  increase  of  emissivity  with  temperature  is  very 
striking. 

3.  Hence  the  effect  of  surface  on  the  total  loss  of  heat  (by  radiation 
and  convection)  per  second  per  square  centimetre  per  1**  C.  excess 
temperature  increases  as  the  temperature  rises. 

On  comparing  the  loss  of  heat  from  the  wire  of  1*2  mils  diameter 
when  at  300®  C.  with  that  from  the  wire  of  6  mils  diameter  vrhen  at 
15*  C,  both  being  in  an  enclosure  at  10**  C,  we  see  that  the  former 
loses  per  square  centimetre  of  surface  per  second  not 

300-10        ^Q  -. 

-- — ---,  or  58  times  • 

15—10 

as  much  heat  as  the  latter,  as  it  would  if  the  emissivity  were  thv 
same ;  but,  instead, 

60  X  58  or  3480  times 

as  much  heat ;  arising  from  the  fact  that  the  emissivity,  that  is,  the 
number  of  calories  (gramme  C.°)  lost  per  second  per  square  centimetre 
of  surface  per  1*0.  excess  temperature  of  the  r2-mil  wire  at  300°  C, 
IS  60  times  as  great  as  that  of  the  6-mil  wire  at  15®,  the  latter  varying 
very  rapidly  with  the  temperature  near  15*  C. 

From  the  curves  the  following  table  (p.  170)  has  been  drawn  up, 
giving  the  emissivities  of  the  various  wires  at  eight  useful  tempera- 
tures. 

We  find  that  the  emissivity  of  platinum  wires  of  different  diameters 
at  the  same  temperature  can  be  very  fairly  expressed  by  a  constant 
plui  a  constant  into  the  reciprocal  of  the  diameter  of  the  wire.     For 

example,  ^^  ^^  ^^^ 
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At  100*  C.    e  =  0-0010360 +0-0120776(2-^ (1), 

200   „      e  =  0-00111] 3 +00143028(2-» (2), 

800  „     e  =  0-0011353  +0016084  d'' (8), 


9» 


where  d  is  the  diameter  of  the  wire  in  mils,  or  thousandths  of  an 
inch. 

The  emissivities  have  been  calculated  in  calories  lost  per  second 
per  square  centimetre  per  1*  C.  excess  temperature,  in  order  that  thej 
may  be  compared  with  the  emissivities  obtained  bj  other  experi- 
menters, but  we  prefer  to  speak  of  the  diameters  of  the  wires  in  mils^ 
since  a  wire  of  1  mil  is  about  the  finest  that  is  drawn  commercially. 
Hence  the  statement  that  the  diameters  of  wires  are  1,  2,  or  8  mils  is 
more  suggestive  to  an  engineer  than  saying  that  they  are  0*0254, 
0*0508,  or  00762  millimetres. 

The  statement,  not  unfrequently  made,  that  the  current  required  to 
maintain  a  wire  of  a  given  material  at  a  given  temperature  above 
that  of  the  surrounding  envelope  is  proportional  to  the  diameter  of 
the  wire  raised  to  the  power  three  halves,  is  equivalent  to  stating 
that  the  emissivity  is  independent  of  the  diameter.  Now  from  the 
three  formulaB  (1),  (2),  (3),  given  above  for  e,  we  may  conclude — 

That  for  a  temperature  of  100°  C.the  value  of  d  in  the  formula 


-I 


e  =  0-0010360 +00120776fi 

must  be  something  like  220  mils,  or  5*6  mm.,  in  order  that  the  neglect 
of  the  second  term  may  not  make  an  error  in  e  of  more  than  5  per 
cent.,  and  something  like  1*15  inch,  or  29*3  mm.,  if  the  error  is  not 
to  exceed  1  per  cent. ; 

That  for  a  temperature  of  200**  C.  the  value  of  d  in  the  formula 


1 


6  =  00011113+00143028(2- 

must  be  something  like  244  mils,  or  6*2  mm.,  in  order  that  the  neglect 
of  the  second  term  may  not  make  an  error  in  e  of  more  than  5  per 
cent.,  and  something  like  1*28  inches,  or  32*5  mm.  if  the  error  is  not 
to  exceed  1  per  cent. ; 

And  that  for  a  temperature  of  300°  C.  the  value  of  d  in  the 
formula 

e  =  00011353+0016084£r^ 

must  be  something  like  267  mils,  or  6*8  mm.,  in  order  that  the 
neglect  of  the  second  term  may  not  make  an  error  in  e  of  more  than 
5  per  cent.,  and  something  like  1*39  inches,  or  353  mm.,  if  the  error 
is  not  to  exceed  1  per  cent. 

Generally,  then,  we  may  conclude  that  to  assume  that  the  emissivity 
is  a  constant  for  wires  whose  diameters  vary  from  a  small  value  up  to 
1  inch  IB  to  make  a  large  error  in  the  case  of  the  greater  tlmtk^t  q?L 
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the  wires,  and  an  error  of  bnndreds  per  cent,  in  the  case  of  some  of 
them. 

Using  the  formula  (8)  which  we  have  arrived  at  for  determining 
the  emifisivity  of  platinum  wires  of  different  diameters  at  300°  C,  it 
follows  that  to  maintain  a  platinum  wire  075  mil  in  diameter  at 
SOO**  C.  would  require  a  current  density  of  331,000  amperes  per 
square  inch,  and,  if  the  emissivity  of  a  copper  wire  of  the  same 
diameter  and  at  the  same  temperature  may  be  taken  as  being  the 
same,  it  follows  that  to  maintain  a  copper  wire  0*75  mil  in  diameter 
at  300**  C.  would  require  a  current  density  of  790,000  amperes  per 
square  inch. 


II.  **  On  the  Time-Relations  of  the  Excursions  of  the  Capillary 
Electrometer,  with  a  Description  of  the  Method  of  using  it 
for  the  Investigation  of  Electrical  Changes  of  Short  Dura- 
tion." By  George  J.  Burch,  B.A.  Oxon.  Communicated 
by  Professor  Bartholomew  Price,  F.R.S.  Received  Sep- 
tember 3,  1891. 

(Abstract.) 

This  paper  is  in  continuation  of  the  author's  preliminary  note  "  On 
a  Method  of  determining  the  Value  of  Rapid  Variations  of  a  Differ- 
ence of  Potential  by  means  of  the  Capillary  Electrometer,*'  and 
describes  a  further  simplification  of  the  method  then  brought  forward, 
(consequent  on  a  change  in  the  mode  of  producing  the  photographic 
record  of  an  excursion. 

The  rapidity  of  the  movement  of  the  meniscus  was  found  to  he 
Jiffected  by  (1)  the  degree  of  concentration  of  the  acid,  (2)  the  length 
of  the  capillary  beyond  the  end  of  the  mercury  column,  (3)  the  shai)e 
of  the  tube  where  it  tapers  to  form  the  capillary,  (4)  the  shape  of  the 
onfice.  These  things  might  be  taken  as  indicating  the  action  of  both 
mechanical  friction  and  electrical  resistance  in  determining  the  rate 
of  movement.  As  was  announced  in  the  preliminary  note,  undLM- 
ordinary  circumstances  the  instrument  is  perfectly  dead-beat;  the 
meniscus  commences  to  move  the  instant  a  difference  of  potential  is 
communicated  to  the  instrument,  and  stops  directly  it  is  withdrawn. 
The  conditions  under  w^hich  overshooting  may  occur,  and  the  possible 
extent  of  it,  are  discussed.  It  was  found  that,  in  general,  the  time- 
relations  of  the  movement  might  be  expressed  by  the  equation 

in  which  y  is  the   distance  of  any  point  upon  the  curve  from   its 
asjrmptote.     The  tabular  logarithms  of  a  series  of  ordinates  corre 
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sponding  to  eqnal  time-intervals  are  in  aritbmetical  progression,  and 
the  snb- tangent  to  the  cnrve  is  of  constant  length.  It  was  alep 
shown  in  the  preliminarj  note  that  the  tangent  to  a  point  on  the 
curve  produced  by  an  irregular  change  of  electromotive  force  coin- 
cides in  direction  with  that  of  the  normal  curve  produced  by  the 
difference  of  potential  existing  at  that  instant  between  the  terminals 
of  the  electrometer,  and  on  this  was  based  a  method  of  determining 
the  amount  of  that  difference. 


Further  Investigation  of  the  Formula  y  =  ae~*^'. 

Calibration  Error. — The  greater  the  range  of  the  excursion  for  a 
given  small  difference  of  potential,  the  slower  is  the  action  of  the 
instrument.  Hence,  in  the  majority  of  capillaries,  the  rate  of  move- 
ment decreases  as  the  meniscus  approaches  the  tip  of  the  capillary. 

Change  of  Resistance. — The  shorter  the  length  of  dilute  acid,  the 
smaller  is  the  resistance,  and  the  quicker  is  the  motion ;  hence,  in  all 
instruments  there  is  a  tendency  to  increased  rapidity  as  the  meniscus 
approaches  the  tip  of  the  capillary.  The  equivaleot  internal  resist- 
ance of  an  electrometer  may  be  written 

'where  I  =  the  length  of  the  capillary  beyond  the  meniscus  at  any 
-moment,  and  L  =  a  constant  many  times  larger  than  Z,  and  repre- 
senting the  sum  total  of  the  mechanical  and  the  remaining  electrical 
Tesifitances.  The  effect  of  the  change  of  resistance  is  so  much  smaller 
that  it  may  be  completely  masked  and  neutralised  by  the  calibration 
error,  which  has  an  opposite  effect. 

Change  in  the  Mode  of  Photographing  the  Fxctirsions, 

In  order  to  bring  out  the  details  of  the  electrical  phenomena  of 
muscle,  it  was  necessary  to  make  the  plates  move  faster  than  was 
possible  with  the  apparatus  hitherto  employed.  To  do  this  they  were 
attached  to  a  kind  of  balanced  pendulum  and  caused  to  describe  an 
arc  of  a  circle.  With  this  arrangement  the  normal  excursion  is  best 
expressed  in  polar  coordinates.  Time  being  recorded  on  a  circular 
arc,  t  becomes  6.  Instead  of  the  rectilinear  asymptote  there  is  an 
asymptotic  circle  of  radius  =  R.  The  expression  for  the  radius  vector 
is  r  =  R  +  y,  the  equation  connecting  y  and  0  being  y  =  ae~*^.  With 
SQch  a  curve  the  method  of  analysis  first  put  forward  is  no  longer 
applicable.  In  place  of  it  however  there  is  a  still  simpler  one.  The 
equation  to  the  polar  sub- normal,  r  cot  Y^  =  cZr/e/0,  is  in  this  case 
independent  of  R,  being  simply  cy.  In  other  words,  the  polar  sub- 
normal to  a  point  on  the  curve  is  a  constant  m.a\t\p\Q  oi  SX;&  ^\»3y;i^ 


174      On  the  Excursions  of  the  CapiUary  Electrometer.     [Nov.  19, 

from  the  asymptotic  circle,  and  consequentlj,  by  the  same  reasoning 
on  which  the  previous  method  of  analysis  was  based,  represents,  on  a 
scale  which  can  be  easily  determined,  and  which  is  constant  so  lon^ 
as  the  resistance  in  circuit  is  unchanged,  the  difference  of  potential 
between  the  terminals  of  the  electrometer,  minus  or  plus  the 
difference  of  potential  indicated  by  the  position  of  the  meniscus  above 
or  below  the  zero-line. 

Analysis  of  a  Normal  Curve, 

Full  details  are  given  of  the  measurement  of  a  normal  curve,  the 
equation  to  which  was  shown  to  be  ^  =  ad~~^,  the  maximum  differ- 
ence between  the  observed  and  the  calculated  values  being  only 
0'071  mm.  The  constant  multiplier  in  this  case  was  c  =  8*50. 
Details  of  five  other  smaller  excursions  of  known  value  are  also  given, 
showing  that  the  error  in  determining  differences  of  potential  by  this 
method  is  less  than  1  per  cent. 

Artificial  Spikes. 

This  name  was  given  to  excursions  produced  by  two  currents  in 
opposite  directions,  each  lasting  about  0'005  second.  It  was  intended 
by  this  means  to  investigate  the  effects  of  overshooting,  and  also  to 
ascertain  whether  the  electrometer  was  capable  of  discriminating 
between  a  current  of  definite  strength  suddenly  communicated  to  it, 
and  a  more  or  less  gradual  rise  of  a  difference  of  potential  extending 
over  a  period  of  eijual  duration.  That  it  can  do  so  was  clearly  estab- 
lished. The  effect  of  the  elasticity  of  the  meniscus,  and  of  overshoot- 
ing proper,  is  shown.  With  no  resistance  in  circuit  it  did  not  exceed 
0*01  of  the  full  excursion,  and  was  rendered  inappreciable  by  the 
introduction  of  a  few  thousand  ohms. 

Part  II. 

Application  of  the  Method  to  the  Study  of  the  Electrical  Variations  of 

Muscle. 

After  a  brief  sketch  of  the  problem  under  considei-ation  and  the 
mode  in  which  the  physiological  experiments  were  made,  the  authoi* 
describes  minutely  the  manner  in  which  a  muscle-curve  is  analysed. 
In  order  to  illustrate  the  kind  of  information  which  can  be  thus  ob- 
tained, he  gives  a  series  of  specimen  records  of  the  electrical  variations 
of  the  gastrocnemius  of  the  frog,  together  with  the  analysis  of  each. 
The  interpretation  of  the  results,  from  a  physiological  sta,ndp6int,  he 
desires  to  leave  entirely  in  the  hands  of  Professor  Burden  Sanderson, 
to  whom  he  is  indebted  for  permission  to  make  use  of  the  photo- 
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III.  *•  On  the  Collision  of  Elastic  Bodies."    By  S.  H.  Burbury, 

F.R.S.    Received  October  24,  1891. 

(Abstract.) 

1..  In  this  paper  I  discuss,  firstly,  a  case  suggested  by  Sir  W. 
Thomson  on  Jnne  11  as  a  test  of  the  truth  of  the  Maxwell-Boltzmann 
doctrine  concerning  the  distribution  of  energy.  Sir  W.  Thomson 
supposes  a  number  of  hollow  elastic  spheres,  each  containing  a  smaller 
sphere  free  to  move  within  it.     This  pair  he  calls  a  doublet. 

If  V  be  the  velocity  of  the  centre  of  inertia  of  a  doublet,  R  the 
relative  velocity  of  the  two  spheres,  then,  under  the  distribution  in 
question,  for  given  direction  of  R,  al directions  of  V  are  equally  prob- 
able, and  the  converse  is  also  true.  If  a  collision  occurs,  the  change 
of  direction  of  R  due  to  it  is  independent  of  the  direction  of  V,  as  well 
as  of  the  magnitudes  of  Y  and  R.  Therefore,  after  collisions,  as  well 
as  before,  for  given  direction  of  R  all  directions  of  V  are  eqnally 
probable.  Whence  it  follows  that  the  distribution  of  velocities  is 
unaffected  by  collisions.  This  appears  to  me  to  be  sound  as  well  for 
internal  as  for  external  collisions. 

2.  The  characteristic  of  collisions  of  conventional  elastic  bodies  is 
the  discontinuous  change  in  the  velocities  without  alteration  of  the 
kinetic  energy.  If  that  occurs  for  any  material  system  of  n  degrees  of 
freedom,  there  are  n— 1  independent  linear  functions  of  the  velocities 
ri . . . .  v»  which  remain  unaltered,  call  them  Si ... .  S»«i,  and  one,  R, 
which  is  unaltered  in  magnitude  but  reversed  in  sign. 

3.  The  kinetic  energy  cannot  contain  any  of  the  products  RS,  but 
must  be  of  the  form  2E  =  XR*+/(Si ....  S„_i),  where  /(Si ....  S«_i) 
is  a  quadratic  function  of  these  quantities. 

4.  If  after  collision  the  velocities  v'l . . . .  v'n  were  all  reversed  in 
sign,  R  and  Si ...  •  S»_i  would  be  reversed  in  sign.  The  system 
would  retrace  its  course,  undergoing  collision,  changing  v'  into  v. 
R  would  be  positive  before  and  negative  after  collision.  Si ...  •  Sn.i 
would  be  throughout  negative,  i.e.,  of  opposite  signs  to  the  signs  they 
had  in  the  first  case. 

5.  To  define  a  collision,  we  assume  that  a  certain  function  ^^  of  the 
coordinates  and  constants  cannot  become  positive,  and  when  ^  =  0, 
d-^ldt  being  positive,  dyfrfdi  changes  sign  discontinuously,  and  a  colli- 
sion occurs.     It  follows  that  dyfr/dt  is  equal  or  proportional  to  R. 

6.  What  has  been  proved  for  a  system  holds  equally  for  a  pair  of 
systems,  having  coordinates  pi ,,  .,pr  for  the  one,  and  pn-i . . . .  pn 
for  the  other,  if  yr  be  a  function  oi  pi, , ,,  pn,  which  cannot  become 
positive. 

7.  AJJ  those  Bjrstems  for  which,  at  a  given  instant,  >Jr\\B^  \»\»v?^WiL 
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zero  and  '-(dyfrldt)Bt^  dy/r/dt  being  positive,  will  undergo  collision 
within  the  time  H  after  that  instant.  Therefore  d-^/dt  or  R  measures 
the  frequency  of  collision. 

8.  From  the  linear  equations  connecting  Vi . . . .  t?«  with 
Si  . .  •  •  Sn_i  and  R,  we  can  find,  say,  Vi  as  a  linear  function  of 
Si ... .  S««i  R,  and  v\  as  the  same  function  of  Si  ... .  Si»_i  and  — R. 
Therefore  ri^-vV  =  4R2/tS,  and  (t;i^-vV)R  =  4R«2/*S,  where  the 
/AB  are  functions  of  the  coordinates  and  constants.  Now  let 
Si ....  Sm. I  go  through  all  values  consistent  with 

2E  =  XR»+/(Si....S«_i), 

and  let  0(Si .  • . .  S«-.i)(fSi .  •  • .  d8n^\  he  the  number  in  unit  volume 
of  systems  for  which  they  lie  between 

Si  and  Si+dS,  Ac, 

given  E  and  R  and  the  coordinates  within  certain  limits. 
Then 

JJJ. . . .  (vi'-vV)  R^  (Si-S«.0  dSi . . . .  dS.-i 

=  4R'  JJJ  ....  0  (Si— Sw-i)  2/tS  dSi ....  eZS«-|. 

Now,  in  the  Maxwell-Boltzmann  distribution,  0(Si . . . .  S«_i)  is  a 
function  of  the  kinetic  energy  only,  and,  therefore,  const-ant  through- 
out this  integration.     Therefore 

Jff .  • . .  (  Vi^—v'i^)  R  dSi ....  c?Sm_i  =  4R"  JJ . . . .  2  ^S  dSi ....  cZS»_i 

=  0, 

because  for  every  set  of  values  of  Si . . . .  S«_i  there  is  included  in  the 
integration  another  set  with  reversed  signs. 

Now  jff .  •  •  •  (vi'— v'i^)/R  dSi ....  dS»_  1  expresses  the  mean  value  of 
f'l'— v'l^for  all  collisions,  given  E  and  R,  and  sinco  it  is  zero,  the 
distribution  of  velocities  is  not  altered  by  collision,  or  the  Maxwell- 
Boltzmann  distribution,  given  existing,  is  not  affected  by  collisions. 

9.  Certain  examples  are  given  she  win  pf  the  values  of  Si....S«_i 
and  R  in  given  cases,  viz. : — I.  Elastic  spheres  of  masses  M  and  m. 
II.  Elastic  spheres  colliding  with  spheroids. 

10.  Professor  Barnside's  problem  of  a  set  of  equal  and  similar 
spheres,  each  of  which,  instead  of  being  homogeneous,  has  its  centre 
of  inertia  at  a  small  distance  c  from  the  centre  of  figure.  Discus- 
sion of  his  result,  which  does  not  agree  with  the  Maxwell-Boltzmann 
doctrine,  owing,  as  I  believe,  to  an  oversight. 

11.  A  general  proof  is  now  given  of  the  permanence  of  the  distri- 
batioD,  viz.,  if  there  be  a  set  of  systems  called  system  M,  each  having 
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ooordinates  pi«... pn  ftnd  another  set  called   systems  m  with  co- 
ordinates     Pr+i  •  •  •  •  I'll-  Let      ¥(pi  ,  ,  .  ,prVi  .,  ,  ,Vr)dpi  .  ,  ,  ,dVr     OT 

F .  dpi ....  dvr  be  the  number  of  systems  M  with   coordinates  and 
velocities  between 


pi     and    pi  +  dp, 

dbc., 
Vi    and     Vi  +  e^Vi, 

<bc.y 


J 


(A), 


and   /(pr+i  •  •  •  -Pi*  t'r^i  •  •  •  •  Vm)(2ph-i  •  •  •  •  ^Vm  the  corresponding  num- 
ber for  the  other  set,  between  limits 

pr+i    and    pr+i-\-dpr+u  <S^c (B). 

Let  ^r  be  a  function,  such  that  when  ^^  =  o  a  collision  occurs. 
Then  dyjrjdt  or  R  denotes  the  frequency  of  collision.  And 
F/.  R .  dpi ....  dvn^i  denotes  the  number  in  unit  of  time  of  collisions 
between  members  of  the  two  sets  having  their  coordinates  pi . . .  .p«_i 
and  velocities  Vi, , . ,  Vn, 

Similai'ly,  the  number  in  unit  time  of  collisions  in  the  reverse  di- 
i*ection  is 

F'/  R  dpi dp'n^i  dvi dvn-i  dR. 

In  the  Maxwell-Boltzniann  distribution  F/,  ¥'f  are  functions  of  the 
kinetic  energy  only,  and  this  being  the  same  in  the  two  states, 
F/  =  Fy.  And  as  many  direct  as  reverse  collisions  take  place  in  unit 
time,  which  insures  the  permanence  of  the  distribution. 

12.  If  F/  T^  F'/',  then  the  number  of  systems  of  the  first  kind  whose 
coordinates  and  velocities  lie  between 

pi     and    pi+dpif 

<&c., 
Vi    and     Vi  +  dvi, 

&c., 

is  increased  per  unit  of  time  by  collisions  with  the  second  set,  having 
coordinates  and  velocities  between 

pr+i     and    pr¥i-hdpr+u 
<&c., 

Vr+i     and    Vr+i+t^tv+i, 
<&c., 

by  the  quantity 

d^i....dvr  (Fy— F/)  R  (ipr+i dvn^i  dR, 

and  by  collision  with  systems  m  without  restriction  by  the  quantity 
dpi,  • . .  dvrjj ....  (F'/'— F/)  R  rfpr+i . .  • .  dvi^i  dSL^ 
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in  which  R  is  a  f  anction  of  vi . .  •  •  t^n  and  the  coordinates,  and  the 
integration  includes  all  valnes  of  pr+i  •  •  •  •  Vii_t  and  B. 

We  will  suppose  now  (see  13,  poaf)  that  the  number  F  is  not  in- 
creased or  diminished  by  anj  nceans  except  by  collision  with  systems 
m.     If  that  be  so, 

dF 


^  =  JJ (F/-F/)  Rip, dpn-i  dvi....  dvn^i  dR 

at 


and 


dF 


J  J  . . , .  __  log  F  dpi ....  dvr 

dt 

=  JJ  . . . .  (Y'f—Yf)  R  log  F  dpi ... .  dpn^i  rfr, . . . .  dvn^i  dR. 
By  symmetry, 

dt 

=  JJ (F'/-F/)  R  logfdpi ....  dp^i  dvi....  dvn^i  dR, 

Now  if 
H  =  JJ F  (log  F-l)  dpi <it7r+JJ /(log/-l)  dpr+i f7l„, 

— -  =  JJ....-!— logFdJpi dVr+ll 4-l0g/£(pr+i..  .  .  ^Vk, 

and  therefore 

^  =  JJ....(F7-F/)Rlog(F/)dpi....(f;P«rft',....(Ztv 

By  symmetry,  as  we  may  interchange  the  accents, 

^  =  ll....(¥f-rf)R\og(¥'f)dpi....dpndvi....dvn, 

and  therefore 

^  =  ^ll....(F'f^¥f)R\og^dp,....dpndvi....dv,, 

which  is  necessarily  negative,  if  not  zero,  and  then  only  zero  when 

F'f  =  F/,  that  is,  when  the  Maxwell-Boltzmaiin  distribution  prevails. 

23.  It  can  he  shown  in  the  case  of  rigid  elastic  bodies  that  F  is  not 
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altered  except  by  collisions,  provided  /log/  and  F  log  F  become  zero 

when  any  of  the  velocities  becomes  infinite. 

14.  The  rate  at  which  H  approaches  its  minimum  is  found  in  the 

case  of  two  sets  of  elastic  spheres  of  masses  M  and  m,  whose  numbers 

in  unit  volume  are  N  and  n,  as  follows  : — Let  H  =  Hi  +  K,  where  Hi 

is  the  minimum  to  which  H  tends.     K  is  defined  to  be  the  disturbance 
1    j-j^ 

and  =-  .^;—  the  rate  of  subsidence. 
K   dt 

Suppose  that  the  number  in  unit  volume  of  spheres  M   having 

velocities  between  U  and  Q+cHJ  towards   the  element  of  volume 

U*  (HT  sin  a  (2«  (2/3  is, 


j^  A.l  +  DMNf  ^_;^M(i+D)U.  IP  iU  sin  «  d»  dp, 

in  which  ^(l+D)  is  written  for  h  in  the  usual  expression  for  that 
number. 

Similarly  for  the  m  spheres,  A(lH-i)  shall  be  written  for  A.  It 
is  assumed  that  the  total  energy  is  not  altered  by  the  distuibance, 
which  requires  that 


D  and  d  are  supposed  so  small  that  D^  and  d?  are  to  be  neglected. 
Then  we  find  K  =  | ^NTT*  d^, 

and  Jg-=  „-L-?L(N-hnV  ^(^^>  ^d^, 

dt  y/^2if^  ^  (M-hm)l  ^h     ' 

where  «  is  the  sum  of  the  radii  of  M  and  m. 

XT  1  dK  82    .,r= y/(Mm)  irs^ 

Hence =— N+»— =:  —  c, 

K  dt  ay*-  (M+m)»-/A 

and  K  =  Ko  e-'-', 

d^/dt  is  proportional  to  the  density  and  to  the  square  root  of  the 
absolute  temperature. 
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IV.  *'  On  the  Locus  of  Singular  Points  and  Lines  which  occur 
in  connexion  with  the  Theory  of  the  Locus  of  Ultimate 
Intersections  of  a  System  of  Surfaces."  By  M.  J.  M.  Hill, 
M.A.,  Sc.D.,  Professor  of  Mathematics  at  Univei-sity  College, 
London.  Communicated  by  Professor  Henrioi,  F.R.S. 
Received  October  5,  1891. 

(Abstract.) 

Introdtictwn. 

In  a  paper  *'  On  the  c-  and  p-Discriminants  of  Ordinary  Integrable 
Differential  Equations  of  the  First  Order,"  published  in  vol.  19  of 
the  ^  Proceedings  of  the  London  Mathematical  Society,'  the  factors 
which  occur  in  the  c-discriminant  of  an  equation  of  the  form 
/(aj,  y,  c)  =  0,  where  /(a?,  ^,  c)  is  a  rational  integral  function  of 
a;,  1/,  c,  are  determined  analytically. 

It  is  shown*  that  if  E  =  0  be  the  equation  of  the  envelope  locus  of 
the  curves  /  (a?,  y,  c)  =  0 ;  if  N  =  0  be  the  equation  of  their  node 
locus ;  if  G  =  0  be  the  equation  of  their  cusp  locus  ;  then  the  factors 
of  the  discriminant  are  E,  N',  C 

The  singularities  considered  are  those  whose  forms  depend  on  the 
terms  of  the  second  degree  only,  when  the  origin  of  coordinates  is  at 
the  singular  point. 

The  object  of  this  paper  is  to  extend  these  results  to  surfaces. 

It  is  well  known  that  if  the  equation  of  a  system  of  surfaces  con- 
tain arbitrary  parameters,  and  if  a  locns  of  ultimate  intersections 
exist,  then  there  cannot  be  more  than  two  independent  parameters. 

Hence  the  investigation  falls  naturally  into  two  parts :  the  tirst  is 
the  case  where  there  is  only  one  independent  parameter,  and  the 
second  is  the  case  where  there  are  two. 

The  investigation  given  in  this  paper  is  limited  to  the  case  in 
which  the  equation  is  rational  and  integral  both  as  regards  the 
coordinates  and  the  parameters. 


Part  I. 

The  Equation  of  the  Surfaces  is  a  Rational  Integral  Function  of  the 

Coordinates  and  one  Arbitrary  Parameter, 

In  the  case  in  which  there  is  only  one  arbitrary  parameter  each 
surface  of  the  system  intersects  the  consecative  surface  in  a  curve 

•  The  theorem  was  originally  given  by  Professor  Cayley,  in  the  '  Messenger  of 
Mathematics/  vol  2,  1872,  pp.  6-12. 
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whose  equations  are  the  equation  of  the  surface  and  the  equation 
obtained  b^  diJSerentiating  it  with  regard  to  the  parameter.  These 
equations  will  be  called  the  fundamental  equations  in  this  part.  Hence 
each  surface  touches  the  envelope  along  a  curve,  which  is  called  a 
characteristic.  It  is  known  that  the  equation  of  the  envelope  may 
be  obtained  by  eliminating  the  parameter  from  the  fundamental 
equations  and  equating  a  factor  of  the  result  to  zero.  But  it  frequently 
happens  that  there  are  other  factors  of  the  result  (or  discriminant  as 
it  will  in  future  be  called)  which  when  equated  to  zero  do  not  g^ve 
the  equation  of  the  envelope. 

Following  out  the  same  line  of  argument  as  that  used  in  reference 
to  a  system  of  plane  curves,  it  will  be  shown  that  these  factors  are 
connected  with  loci  of  singular  points.  Now  if  each  surface  have 
one  singular  point,  then  its  coordinates  may  in  general  be  expressed 
as  functions  of  the  parameter  of  the  surface  to  which  it  belongs. 
Hence  the  locus  of  all  the  singular  points  of  the  surfaces  of  the 
system  is  a  curve.  Its  equations,  therefore,  cannot  be  found  by 
equating  a  factor  of  the  discriminant  to  zero.  But  if  each  surface 
of  the  system  have  upon  it  a  nodal  line,  then  the  locus  of  the  nodal 
lines  of  all  the  surfaces  is  a  surface,  and  it  will  be  shown  that  its 
equation  may  be  found  by  equating  to  zero  a  factor  of  the  discrimi- 
nant. 

The  singular  points  in  space,  the  form  of  which  depends  only  on 
the  terms  of  the  second  order,  when  the  origin  of  coordinates  is 
taken  at  the  singular  point,  are  : 

(i.)  The  conic  node,  where  all  the  tangent  lines  to  the  surface  lie 
en  a  cone  of  the  second  order. 

(ii.)  The  biplanar  node  or  binode.  This  is  the  particular  case  of 
the  preceding,  in  which  the  tangent  cone  to  the  surface  breaks  up 
into  two  non-coincident  planes.  These  planes  are  called  the  biplanes, 
and  their  intersection  is  called  the  edge  of  the  binode. 

(iii.)  The  uniplanar  node  or  unode.  This  is  the  particular  case  of 
the  conic  node,  in  which  the  tangent  cone  breaks  up  into  two  co- 
incident planes.  The  plane  with  which  these  planes  coincide  is 
called  the  uniplane. 

It  is  shown  that  a  surface  cannot  have  upon  it  a  curve  at 
every  point  of  which  there  is  a  conic  node.  Hence  there  are  two 
varieties  of  nodal  lines  to  be  considered ;  the  first,  being  such  that 
every  point  is  a  binode,  may  be  called  a  bi nodal  line ;  and  the  second, 
being  such  that  every  point  on  it  is  a  unode,  may  be  called  a  unodal 
line. 

It  will  be  proved  that  if  E  =  0  be  the  equation  of  the  envelope 
locus,  B  =  0  the  equation  of  the  locus  of  binodal  lines,  TJ  =  0  the 
equation  of  the  locus  of  unodal  lines,  then  the  factors  oi  t\\^  &\&^t\m\- 
nant  are  m  general  E,  B',  TP. 
roL.  L^  ^  c\ 
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This  is  tbe  general  theorem,  but  it  is  assumed  in  the  conrse  of  the 
investigation,  wlien  tlie  discriminant  is  being  formed,  that  the  fun- 
damental equations  are  satisfied  by  only  one  value  of  the  paran&ter  at 
■each  point  on  the  envelope  loous  or  on  a  locos  of  binodal  or  unodal 
lines. 

'  The  investigation  is  accordingly  carried  a  step  further,  and  it  is 
shown  that  if  the  fundamental  equations  are  satisfied  by  two  equal 
values  of  the  parameter  at  points  on  an  envelope  locus,  or  on  a 
locus  of  binodal  or  unodal  lines,  the  factors  of  the  discriminant  are 
E\  B\  U*. 

The  geometrical  meaning  of  the  condition  that  the  fundamental 
equations  are  satisfied  by  two  equal  values  of  the  parameter  in  the  case 
of  the  envelope  is  that  the  line  of  contact  of  the  envelope  with  each 
surface  of  the  system  counts  three  times  over  as  a  curve  of  intersec- 
tion, instead  of  twice  as  in  the  ordinary  cade,  or  that  two  consecutive 
characteristics  coincide.  The  meaning  of  the  condition  in  the  case 
of  the  loci  of  singular  lines  is  thai  each  of  these  loci  is  also  an 
envelope. 

The  results  are  given  in  the  following  table : — 


Description  of  locus. 

Factor  of  discriminant 
corresponding  to  locus. 

Number  of  values  of 

parameter  satisfying 

fundamental  eqxuitions. 

EnveloDc 

E  (Art.  1) 

1 

Locus  of  binodal  lines  . . 

B2  (Art.  5) 

1 

Lc>cus  of  unodal  lines  . . . 

U3  (Art.  6) 

1 

Envelope  such  that  two 
consecutive  character- 
istics coincide. 

I?  (Art.  7) 

2  coinciding 

Locus  of  binodal  lines, 
which  is  also  an  enve- 
lope. 

• 

B»  (Art.  8) 

2  coinciding 

Locus  of   unodal  lines, 
which  is  also  an  enve- 
lope. 

U*  (Art.  9) 

2  coinciding 

Part  II. 

The  Equation  of  the  System  of  Surfaces  is  a  Rational  Integral  Function 
of  the  Coordinates  and  two  Arbitrary  Parameters, 

In  the  case  in  which  there  are  two  arbitrary  parameters  in  the 
equation  of  the  system  of  surfaceB,  t\io  QC^MBb^ou  o\  ^;\v^  \QQ,\ifi  of  ulti- 
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mate  intersections  is  found  by  eliminating  the  parameters  between 
this  eqnation  and  the  two  equations  obtained  by  differentiating  it 
with  regard  to  the  parameters.  These  equations  will  in  this  part  of 
the  investigation  be  called  the  fundamental  equations. 

In  general  the  locus  of  ultimate  intersections  is  a  surface,  for  the 
coordinates  of  each  point  on  it  can  be  expressed  as  functions  of  the 
two  arbitrary  parameters.  The  exceptional  cases  in  which  it  is  not 
a  8ur&ce  are  enumerated  at  the  end  of  the  paper.  These  include  the 
case  where  the  equation  of  the  system  of  surfaces  is  of  the  first  degree 
in  the  parameters.  Hence  it  will  be  supposed  that  the  degree  of  the 
equation  of  the  system  of  surfaces  in  the  parameters  is  above  the 
first. 

In  general  also  the  locus  of  ultimate  intersections  possesses  the 
envelope  property,  and  the  equation  of  the  envelope  is  determined  by 
equating  the  discriminant,  or  a  factor  of  it,  to  zero. 

If  factors  of  the  discriminant  exist  which,  when  equated  to  zero, 
give  surfaces  not  possessing  the  envelope  property,  then,  as  in  Part  I, 
it  is  shown  that  these  surfaces  are  connected  with  loci  of  singular 
points. 

Now  the  locus  of  singular  points  of  a  system  of  surfaces  whose 
eqnation  contains  two  arbitrary  parameters  is  in  general  a  curve 
(not  a  surface),  whose  equations  can  be  obtained  by  eliminating  the 
two  parameters  from  the  equation  of  the  E^stem  of  surfaces  and  the 
three  equations  obtained  by  differentiating  it  with  regard  to  the 
coordinates.  Hence  its  equations  cannot  be  determined  by  equating 
to  zero  a  factor  of  the  discriminant. 

But  if  every  surface  of  the  system  have  a  singular  point,  then  in 
general  its  coordinates  may  be  expressed  as  functions  of  the  two 
parameters  of  the  surface  to  which  it  belongs.  Hence  the  locus  of 
the  singular  points  is  a  surface.  It  will  be  proved  that  it  is  a  part 
of  the  locus  of  ultimate  intersections.  Hence  its  equations  can  be 
obtained  by  equating  to  zero  a  factor  of  the  discriminant. 

Let  now  E  =s  0  be  the  equation  of  the  envelope-locus, 
0  =  0  the  equation  of  the  conic  node  locus, 
B  =  0  the  equation  of  the  biplanar  node  locus, 
U  =  0  the  equation  of  the  uniplanar  node  locus. 

Now  at  any  point  on  the  locus  of  ultimate  intersections — 

(L)  There  may  he  one  system  of  values  of  the  parameters  saiisfijing 
the  fundamental  equations. 

In  this  case  there  may  be  envelope,  conic  node,  or  biplanar  node 
loci;  and  the  results  are  given  in  the  following  table : — 


o'^ 
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Description  of  locus. 

Factor  of  discriminant 
corresponding  to  locus. 

Kature  of  intersection  of 
surf  aces  represented  by 
fundamental  equations 
at  a  point  on  locus  of 
ultimate  intersections. 

Envelooe 

E  (Art.  9) 

1  point  (Art.  26) 

Conic  node  locus 

C  (Art.  10) 

2  points  (Art  27) 

Biplanar  node  loous  . . . 

B»  (Art.  11) 

8  pointo  (Art.  28) 

(II.)  There  may  he  more  than  one  system  of  distinct  values  of  the 
parameters  satisfying  the  fundamental  equations. 

Id  this  case  the  effect  of  the  distinct  Talues  is  additive.  Thus  if 
there  be  p  systems  of  valaes  at  a  point  on  the  envelope  locns,  the 
factor  E  would  occur  to  the  p^  power. 

(III.)  Two  or  more  systems  of  values  of  the  parameters  satisfying  the 
fundamental  equations  may  coincide. 

The  results  must  be  stated  differently  in  the  cases  (a)  where  the 
degree  in  the  parameters  of  the  equation  of  the  system  of  surfaces  is 
greater  than  two ;  (/3)  where  the  degree  in  the  parameters  of  the 
equation  of  the  system  of  surfaces  is  two. 

In  the  case  («)  it  will  be  shown  that  there  may  be  envelope-loci,  in 
which  the  envelope  has  stationary  contact  with  each  surface  of  the 
system ;  conic-node  loci,  which  are  also  envelopes ;  biplanar  node 
loci,  in  which  the  edge  always  touches  the  biplanar  node  locus ;  and 
uniplanar  node  loci.      The  results  are  given  in  the  following  table : — 


Description  of  locus. 

Factor  of  discriminant 
corresponding  to  locus. 

1 
Nature  of  intersection  of 
surfaces  represented  by 
fundamental  equations 
at  a  point  on  locus  of 
ultimate  intersections 

Envelope    locus    having 
stationary  confAot  with 
each  surface  of  system 

E2  (Art  13) 

2  points  (Art.  26) 

Conic  node  locus,  which 

is  also  an  enyelopc 

■ 

C»  (Art.  14) 

3  points  (Art.  27) 

Biplanar  node  locus  with 
edge  of  biplanar  node 
touching  biplanar  node 
lociiR 

B<  (Art.  15) 

1 

4  pointe  (Art.  28) 

/ 

Unjplanar  node  locus 

U«  (Art.  12) 

6  points  (Art.  29)          , 
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The  ca8e  {fi)  always  falls  under  tlie  next  case. 

(IV.)  The  values  of  the  parameters  satisfying  the  fundamental  equor' 
tions  may  become  indeterminate. 

If  the  equation  of  the  system  of  surfaces  be  of  the  second  degree 
in  the  parameters,  and  the  analytical  condition  hold  which  expresses 
that  the  fundamental  equations  are  satisfied  by  two  coinciding 
systems  of  values,  then  this  condition  requires  to  be  specially  inter- 
preted. For  now  the  second  and  third  fundamental  equations  are  of 
the  first  degree  in  the  parameters,  so  that  if  they  are  satisfied  by  two 
coinciding  systems  of  values^  they  must  be  indeterminate. 

It  is,  however,  possible  to  determine  a  single  system  of  values  of 
the  parameters  satisfying  them.  In  this  case  the  three  surfaces  repre- 
sented by  the  fundamental  equations  intersect  in  a  common  curve 
(which  is  fixed  for  fixed  values  of  the  parameters)  lying  on  the  locus 
of  ultimate  intersections ;  whereas  in  the  previous  cases  they  intersect 
in  a  finite  number  of  points  lying  on  the  locus  of  ultimate  inter- 
sections. 

The  surface  of  the  system,  corresponding  to  the  fixed  values  of 
the  parameters,  touches  the  locus  of  ultimate  intersections  along  the 
above-mentioned  curve. 

In  general  there  are  two  conic  nodes  of  the  system  at  every  point  of 
the  locus  of  ultimate  intersections.  The  parameters  of  the  surfaces 
having  the  conic  nodes  are  determined  by  two  quadratic  equations, 
called  the  parametric  quadratics ;  and  in  general  the  roots  of  each 
parametric  quadratic  are  unequal.  If  the  roots  of  both  parametric 
quadratics  are  equcd^  the  two  surfaces  having  conic  nodes  are  replaced 
by  one  surface  having  a  biplanar  or  uniplanar  node. 

If  the  parameters  of  one  of  the  surfaces  having  a  conic  node  become 
infinite^  this  surface  may  be  considered  to  disappear,  and  there  is  but 
one  conic  node  at  each  point  of  the  locus  of  ultimate  intersections. 

If  the  parameters  of  both  surfaces  having  conic  nodes  become 
infinite^  both  these  surfaces  may  be  considered  to  disappear,  and  the 
locus  of  ultimate  intersections  is  an  envelope  locus  (touching  each 
surface  of  the  system  along  a  curve). 

If  the  parameters  of  both  surfaces  having  conic  nodes  become 
indeterminate^  then^  there  are  at  each  point  an  infinite  number  of 
biplanar  nodes,  and  each  surface  of  the  system  has  a  binodal  line 
lying  on  the  loons  of  ultimate  intersections. 

The  results  are  given  in  the  following  table :-— 
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Description  of  Iooub. 

Factor  of  discriminant 
corresponding  to  locus. 

Both  parametric 
quadratics  have 

LocuB  of  two  conic  nodes 

C«  (Art.  19) 

Their  roots  unequal 

Biplanar  node  locus  with 
edge  of  biplanar  node 
touching  biplanar  node 
locus. 

B«  (Art.  21) 

Their  roots  equal 

IJniplanar  node  locus  •  •  • . 

XJ<  (Art.  22) 

Their  roots  equal 

Locus  of  one  conic  node . . 

C2  (Art.  23) 

• 

One  root  infinite 

Snyelone  locus ••• 

E»  (Art.  24) 

Both  roots  infinito 

Binodal  line  locus 

B*  (Art.  25) 

Their  roots  indetermin- 
ate 

It  will  be  noticed  that  when  the  equation  of  the  system  of  snr&cet 
is  of  the  second  degree  in  the  parameters,  and  the  condition  holdf 
which  expresses  that  the  fundamental  equations  are  satisfied  by  twc 
coinciding  values  of  the  parameters,  there  is  a  reduction  in  the 
number  of  factors  of  the  discriminant  corresponding  to  the  singula] 
point  loci,  the  factors  C^  B*,  U'  becoming  C,  B',  U*  respectively. 

The  explanation  is  as  follows : — 

The  discriminant  is  formed  by  solving  the  second  and  third  funda- 
mental equations  for  the  parameters,  substituting  each  pair  of  values 
in  the  left-hand  side  of  the  fii'st  fundamental  equation,  multiplying 
the  results  together,  and  also  multiplying  by  a  rationalising  factor 
Now  in  the  case  where  the  degree  of  the  equation  in  the  parameten 
is  the  second,  there  is  only  one  system  of  roots  corresponding  tc 
the  loci  under  consideration,  whereas  there  are  two  when  the  degree 
in  the  parameters  is  above  the  second.  Hence  this  accounts  for  i 
diminution  in  the  number  of  factors  when  the  degree  in  the  para^ 
meters  is  the  second. 

But  this  diminution  is  partly  counterbalanced  by  an  increase  due 
to  the  fact  that  the  rationalising  factor  vanishes  at  every  point  oi 
the  locus  of  ultimate  intersections,  and  consequently  increases  the 
number  of  factors  corresponding  to  the  singular  point  loci.  Th< 
result  of  the  two  causes  is  what  has  been  stated  above. 
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Richardson  (B.  W.),  F.R.S.    Thomas  Sopwith,  M.A.,  C.E.,  F.R.S., 

with  Excerpts  from  his  Diary  of  Fifty-seven  Years.     8vo.  London 

1891.  The  Anthor. 
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MmtpeUier  1882.  Prof.  A.  Roche. 

Schlich  (W.)     A  Mannal  of  Forestry.    Vol.  II.    8vo.    London  1891. 

The  India  Office. 
Symons  (G.  J.),  F.R.S.    British  Rainfall,  1890.     8vo.    London  1891. 
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Thome  (R.  Thome),  F.R.S.  Diphtheria :  its  Natnral  History  and 
Prevention.  8vo.  London  1891 ;  The  Progress  of  Preventive 
Medicine  during  the  Victorian  Era.  1837 — 1887.  8vo.  London 
1888.  With  a  copy  of  the  Report  of  the  Medical  Officer  of  the 
Privy  Council,  1870.    8vo.    London  1871. 

Dr.  Thome  Thome, 
Very  (F.  W.)     Prize  Essay  on  the  Distrihution  of  the  Moon's  Heat 
and  its  Variation  with  the  Phase.    8vo.     The  Hague  1891. 

Society  of  Arts  and  Sciences,  Utrecht. 

Warington  (R.),  F.R.S.    The  Chemistry  of  the  Farm.    Sixth  edition. 
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Bectangnlar  Bronze  Medal  struck  in  honour  of  M.  G.  A.  Him. 

M.  (}rosseteste,  Miilhausen. 
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November  26, 1891. 

Mr.  JOHN  EVANS,  D.C.L.,  LL.D.,  Treasnrer,  in  tiie  Chair. 

A  List  of  tlie  PreaentB  was  laid  on  the  table,  and  thanks  ordered  for 
them. 

Pursuant  to  notice,  Alexander  Agassis,  Dr.  Benjamin  Apthorpe 
Gronld,  Professor  Ednard  Strasbnrger,  and  Professor  Pietra 
Taochini  wore  balloted  for  and  elected  Foreign  Members  of  tbo 
Society. 

In  pursuance  of  the  Statutes,  notice  of  the  ensuing  Anniversaiy 
Meeting  was  given  from  the  Chair,  and  the  list  of  Officers  and  Councii 
nominated  for  election  was  read  as  follows : — 

PrettidenL—SiT  William  Thomson,  D.CJi.,  LL.D. 

Treasurer, — John  Evans,  D.C.L.,  LL.D. 

^  .    f  Professor  Michael  Foster,  M.A.,  M.D. 

becretariea.      |  ^^^^  ^^^  Rayleigh,  M.A.,  D.C.L. 

Foreign  Secretary, — Sir  Archibald  Gcikie,  LL.D. 

Other  Meinhers  of  the  Council, — Captain  William  de  Wivcleslie 
Abnej,  C.B. ;  William  Thomas  Blanford,  F.G.S. ;  Professor  Alexander 
Cmm  Brown,  D.Sc. ;  Professor  George  Carey  Foster,  B.A. ;  James 
Whitbread  Lee  Glaisher,  D.Sc.  ;  Frederick  Ducane  Godman, 
F.L.S. ;  John  Hopkinson,  D.Sc. ;  Professor  George  Downing  Liveiog, 
M.A. ;  Professor  Joseph  Norman  Lockyer,  F.B.A.S. ;  Professor 
Arthur  Milnes  Marshall,  D.Sc. ;  Philip  Henry  Pye-Smith,  M.D. ; 
William  Chandler  Roberts- Austen,  F.C.S. ;  Professor  Edward  Albert 
Schafer,  M.R.C.S. ;  Sir  George  Gabriel  Stokes,  Bart.,  M.A. ;  Pro- 
fessor Sydney  Howard  Vines,  M.A.;  General  James  Thomas  Walker, 
C.B. 

The  following  Papers  were  read : — 

I.  "On    Instability  of   Periodic   ^lotion."      By    Sir   Willlvm 
Thomson,  P.R.S.    Rocoived  November  12, 1891. 

1.  Let  Y^,  0,  Xf  ^  be  generalised  coordinates  of  a  system ;  and  let 

A  (V^,  0,  . . . . ,  *^',  <!>',  . . . .  )  bo  the  action  in  a  path  (§  2  above)  from 

the  conGguration  (^',  0',  •  • .  •  )  to  the  configuration  (^,  0,  . . . .  )  with 

kinetic    energy    (E— V)   with   any    given    constant    value   for  E, 

tie  total  energy]    Y   being    the   potential    energy,  of   which  the 
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Tahne  18  given  for  eyeiy  possible  oonfigaration  of  the  system.  Let 
>">  ft  79  {*»••••#  <^nd  v\  S'ffi'y  ^9  '•••$  be  the  generalised  component 
momentnms  of  the  system  as  it  passes  throagh  the  configurations 
(Yr,  0y  •  •  •  • )  and  (Y^',  0',  •  •  •  • )  respectively.  If  by  any  means  -we 
have  fnlly  solved  the  problem  of  the  motion  of  the  system  under  the 
given  forcive*  (of  which  V  is  the  potential  energy),  we  know  A  for 
every  given  set  of  values  of  Y^,  0, .  • . . ,  yr',  0', . . . . ,  that  is  to  say,  it 
is  a  known  function  of  (^r,  0  . . . . ,  ^',  0', . . . .  ).  Then,  by  Hamil- 
ton's principle  [Thomson  and  Tait's  *  Natural  Philosophy,'  §  330  (18)], 
we  have 


dA 
"  -      dyjr' 

f  = 

dA 

d4fi' 

V  = 

dA 

dx 

y             dk                       n 

dA 

r=- 

dA 

^0" 

1 

dA 
dx" 

^     dA 

^-  d»' J 

>..(1). 


2.  Now  let  PT  designate  a  particular  pathf  from  position 
Wy  0'>  x'>  •  •  •  • )  which  for  brevity  we  shall  call  P',  to  position 
(y^,  0,  X)  •  •  •  •  )  which  we  shall  call  P.  Let  oP'oP  be  a  part  of  a  known 
periodic  path,  from  which  PT  is  evidently  little  distant.  But  first, 
whether  ©P'oP  is  periodic  or  not,  provided  it  is  evidently  near  to 
P'P,  and  provided  oP'  and  oP  are  infinitely  near  to  P',  and  P,  respec- 
tively, we  have,  by  Taylor's  theorem,  and  by  (1), 

A(V-,  0,Xi-*«f  Y^'»0.  X>-***) 
=  A(oY^,  tf0,  oXf  •  •  •  •  >  oV^',  00',  ox'»-  •  •  • ) 

+  OI'(Y^-O^)+Of(0-O0)+....  -ol''(V^'-oY^')-or(0-O0')-  ..  .. 

..(2). 

*  This  is  a  term  introduced  by  my  brother,  Professor  James  Thomson,  to  denote 
a  fovce-system. 

t  For  any  giyen  yalae  of  E,  the  sum  of  potential  and  kinetic  energies,  the  problem 
of  finding  a  path  from  any  position  P'  to  any  position  F  is  determinate.  Its  solution 
is,  for  each  coordinate  of  the  system,  a  determinate  function  of  the  coordinates  which 
define  P  and  P^  and  of  t,  the  time  reckoned  from  the  instant  of  passing  through  P'. 
The  solution  is  single  for  the  case  of  a  particle  moring  under  the  influence  of  no 
force;  eyeiy  path  being  an  infinite  straight  line.  For  a  single  particle  moving 
under  the  influence  of  a  uniform  force  in  parallel  lines  (as  gravity  in  small-scale 
tenesfarial  ballistics)  the  solution  is  duplex  or  imaginary.  For  every  constrainedly 
finite  system  the  solution  is  infinitely  multiple ;  as  is  virtually  well  known  by  every 
biUiard  player  for  the  case  of  a  Boscovichian  atom  flying  about  within  an  enclosing 
sorfisce,  and  by  every  tennis  player  for  the  parabolas  with  which  he  is  oon.ceniQd^ 
and  their  leBexioBB  from,  wallB  or  pavement. 
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3.  Let  us  now  simplif j  by  clioosing  our  coordinates  so  tliat  the 
valnes  of  0,  x»  <^*9  ^'^^  ^^^1^  ^^^  ^^^  every  position  of  the  path 
oP'oP ;  and  let  yft,  for  any  position  of  this  path,  be  the  action  along  it 
reckoned  from  zero  at  oP'«  These  assumptions,  expressed  in  symbols, 
are  as  follows : — 


1 


•  •  • 


dA.  ,,      dA      ^ 


dA 


^X 


1  =  0,  ..  . 


l^for  all  valaes  of  yft  and  ^r',  if  0  =s  o,  x  =  0,. . . .  ;  0'=  0,  x'  =  0>  •  •  •  • 

. .  (3). 
4.  Taking  now 

^  =  0,   "f  =  oVr,  tf0  =  0,  oX  =  0, . . . . ,  o"f '  =  0,  00' 


we  have 


0,  oX  =  0>  •  •  •  •  I 
..(4); 


Y  . .  (6). 


^(oV^j  001  oX»  •  •  •  •  >  0*^',  O0'>  ox'>  •  •  •  •)  =  -^(oY^i  0,  0, . . . .  ,  0, 0,  0, . . . .)  (5) 
and,  in  virtue  of  this  and  of  (3)  and  (1),  (2)  becomes 

A(oY^,  05  X.  •  •  •  •  >  0,  0',  x'»  •  •  •  •  )  =  Mo^^  0,  0, . .  . . ,  0,  0,  0)' 
+  |[ll0*+22x'  +  38^*+440'«  +55x''    +66^" 
+  2(l20x  + 1305  + 1400'  +  150X  + 1005' 
23x5  +  24x0'  +  25xx  +  26x5' 
-f3450'H-355x'  +3655' 
+  460V  +  460'5' 
+66x'5')] 

where,  merely  for  simplicity  of  notation,  we  suppose  the  total  number 
of  freedoms  of  the  system,  that  is  to  say,  the  total  number  of  the  co- 
ordinates '^,  0,  x>  -^i  ^  1^6  ^o^r ;  and  for  brevity  put 

/(?A\       ,,       /  ^A  \  /cPA\ 

5.  From  (6)  we  find,  by  (1), 

f  =  110 + 12x  + 135  + 140'  +  15x'  + 165' 
ff  =  210-f22x+235  +  240'-f25x +265' 
f  =  310  +  32x+335  +  340'  +  36x'  +  365' 

—  f'=  410+42x+435-f440'  +  46x'+465' 

-  V'  =  510  +  52x  +  535  -f  540'  -h  55x'  +  565' 
— r=  610  +  62x+ 635 +^'-V^X-V^^', 


(8), 


1891.]  On  Imtabiliiy  of  Periodic  Motion.  197 

These  equations  allow  ns  to  determine  the  three  displacements,  0,  x*  ^9 
and  the  three  corresponding  momentams,  f,  >/,  £*>  ^or  anj  position  on 
the  path,  in  terms  of  the  initial  values,  0',  x'j  ^'t  i\  l\  T*  supposed 
known. 

6.  To  introduce  now  our  supposition  (§2)  that  oP'oP  is  p^H  of  a 
periodic  path ;  let  Q  be  a  position  on  it  between  qP'  and  oP ;  a^d  let 
U3  now,  to  avoid  ambiguity,  call  it  oP'QoP.  I^et  ©P'  and  ©P  now  be 
taken  to  coincide  in  a  position  which  we  shall  call  0 ;  in  other  words, 
let  oP'QoP»  or  OQO,  be  the  complete  periodic  circuit,  or  orbit  as  we 
maj  call  it.  Our  path  P'P  is  now  a  path  infinitely  near  to  this  orbit, 
and  P'  and  P  are  two  consecutive  positions  in  it  for  which  yfr  has 
the  value  zero.  These  two  positions  are  infinitely  near  to  one  another 
and  to  0.  We  shall  call  them  Oi,  and  Oi+i,  considering  them  as  the 
positions  on  our  path  in  which  y{r  is  zero  for  the  tth  time  and  for  the 
(t  +  l)th  time,  from  an  earlier  initial  epoch  than  first  passage  through 
^  =  0  which  we  have  been  hitherto  considering.  It  is  accordingly 
convenient  now  to  modify  our  notation  as  follows : — 


=L}-<"- 


0'  ==  0»>     X  =  x«s     •^'  =  ^» ;     r  =  ft,     1  =  T/».     f  = 
0  =  0»+i,  X  =  x«+i>  ^  =  -^i+i ;  f  =  6+i>  1  =  ^«+b  ? 

Here  0;,  xiS  ^i  ^^^  ^^^  generalised  components  of  distance  from  O, 
at  the  tth  transit  through  Y^  =  0  of  the  system  pursuing  its  path 
infinitely  near  to  the  orbit ;  and  fi,  rji^  ^»  are^  the  corresponding 
momentum  components.  With  the  notation  of  (9),  equations  (8) 
become  equations  by  which  the  values  of  these  components  for  the 
'i+lth  time  of  transit  through  -^  =  o  can  be  found  from  their  values 
for  the  ith  time.  They  are  equations  of  finite  differences,  and  are  to 
be  treated  secundum  arteniy  as  follows : — 

7.  Assume 

> (10). 

Substituting  accordingly  in  (8)  modified  by  (9),  and  eliminating 
fi»  i/ii  Tij  we  find 

(ll  +  —+41/)  +  44J0  +  U2  +  —»h  42/1+45  W 

(21+— +51/)  +  54J0  +  /22  +  —+52/)  +  55Jx+(23  +  — +63/1  +  56)^  ^(U), 

(31+  — +61/>+64J  0+^32+— +62/i+65Jx+(33+—  +  63p 

Remarking  that  41  =  14, 12  =  21,  &c.,  we  see  tiaaA.  tti^  dL<^\^TTC£m»:t^ 

YOL»  Lm  ^ 
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for  the  elimination  of  the  ratios  0|x|^  ^^  symmetrical  with  referenc 
to  p  and  l|/9.     Hence  it  is 

CsC/'H/'-^) + c.Xp'+p-') + c,{p+p-') +2C0 (12: 

where  Co,  Ci,  C2,  C3  are  coefficients  of  which  the  values  in  terms  c 
11,  12,  &c.,  are  easily  written^ont.  The  determinant  equated  to  eer 
gives  an  equation  of  the  sixth  degree  for  determining  p,  of  which  fo 
each  root  there  is  another  equal  to  its  reciprocal.  We  reduce  it  to  a 
equation  of  the  third  degree  by  putting 

p-^p'^  =  2e (13; 

Let  ei,  62,  ^3  be  the  roots  of  the  equation  thus  found.  The  corresponc 
ing  values  of  p  are 

ei±  v/(ei^-l) ;   e^±  ^{e^-l) ;   e,±  v/(e3=-l) (14 

In  the  case  of  e  having  any  real  value  between  1  and  —1,  it  is  coi 
venient  to  put 

e  =  cos  a,  "^ 

which  gives  p  =s  cos  a  +  <  sin  «  >   (15 

and  p-^  =  cos  «— « sin  « J 

8.  Suppose  now,  for  the  first  time  of  passing  through  -^  =  0,  th 
three  coordinates  and  three  corresponding  momentums,  0i,  xi>  ^ 
fi,  ^1,  ?!>  to  be  all  given  ;  we  find 


f;+i  =  F,/./+F',/.r'-f  F2,v4-FV2-*+F3/>/+FV3-»' 


y...  (16; 


where  Ai,  A'l,  A2,  A',,  . . . . ,  Fi,  F',,  F2,  F'2  are  thirty-six  coofficicni 
which  are  determined  by  the  six  equations  (IC),  with  t  =  0 :  and  th 
six  equations  (8),  modified  by  (9)  ;  with  i  successively  put  =  1,  i 
3,  4,  5  ;  with  the  given  values  substituted  for  0„  xi,  -^i,  fi,  71,  Ti  i 
them ;  and  with  for  02,  xa>  &c.,  their  v^ues  by  (16). 

9.  Our  result  proves  that  every  path  infinitely  near  to  the  orbit  i 
unstable  unless  every  root  of  the  equation  for  e  has  a  real  valu 
between  1  and  —1.  It  does  not  prove  that  the  motion  is  stable  whe 
this  condition  is  fulfilled.  Stability  or  instability  for  this  case  cannc 
be  tested  without  going  to  higher  orders  of  approximation  in  the  coi 
fiideration  of  paths  very  nearly  coincident  with  an  orbit. 
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Addendum. 

The  subject  of  periodic  motioa  and  its  stability  hcus  been  treated 
with  great  power  by  M.  Poincar6  in  a  paper,  "  Sur  le  Probl^me  des 
Trois  Corps  et  les  J^qnationB  de  la  Dynamique,"  for  which  the  prize 
of  His  Majesty  the  King  of  Sweden  was  awarded  on  the  21st  January, 
1889.  This  paper,  wbich  has  been  published  in  Mittag-Leffler*s '  Acta 
Mathematica/  13,  1  and  2  (270  4to  pp.),  Stockholm,  1890,  only 
became  known  to  me  recently  through  Professor  Cayley.  I  am 
greatly  interested  to  find  in  it  much  that  bears  upon  the  subject 
of  my  communication  of  last  June  to  the  Boyal  Society  "  On  some 
Test  Cases  for  the  Maxwell- Boltzmann  Doctrine  regarding  Distribu- 
tion of  Energy ; "  particularly  in  p.  239,  the  following  paragraph  : — 
"  On  pent  d^montrer  que  dans  le  voisinage  d'une  trajectoire  f ermee 
repr^sentant  une  solution  periodique,  soit  stable,  soit  instable,  il 
passe  une  infinite  d'autres  trajectoires  f erm^es.  Cela  ne  suffit  pas,  en 
touto  rigueur,  pour  conclure  que  toute  region  de  I'espace,  si  petite 
qu'elle  soit,  est  travers^e  par  une  infinite  des  trajectoires  fermees, 
mais  cela  suffit  pour  donner  a  cette  hypothese  un  haiit  caract^re  de 
Yraisemblance.*'*  This  statement  is  exceedingly  interesting  in  con- 
nexion with  Maxwell's  fundamental  supposition  quoted  in  §  10  of 
my  paper,  '*  that  the  system,  if  left  to  itself  in  its  actual  state  of  motion, 
will,  sooner  or  later,  pass  through  every  phase  which  is  consistent 
with  the  equation  of  energy ;  "f  *^  assumption  which  Maxwell  gives 
not  as  a  conclusion,  but  as  a  proposition  which  '*  we  may  with  con- 
siderable confidence  assei*t,  .  •  .  •  except  for  particular  forms  of  the 
surface  of  the  fixed  obstacle."  It  will  be  seen  that  Poincar6*B  "  hypo- 
thesis, having  a  high  character  of  probability,*'  does  not  go  so  far  as 
Maxwell's,  which  asserts  that  every  portion  of  space  is  traversed  in 
all  directions  by  every  trajectory.  The  conclusion  which  1  gave  in 
$  13,  as  seeming  to  me  quite  certain,  **  that  every  mode  differs 
infinitely  little  from  being  a  fundamental  mode,"  is  clearly  a  neces- 
sary consequence  of  Maxwell's  fundamental  supposition ;  the  truth 
of  which  still  seems  to  me  highly  probable,  provided  exceptional  cases 
are  properly  dealt  with. 

I  also  find  the  following  statement,  pp.  100 — 101 : — "  11  y  aura  done 
en  general'?^  quantites  «^  distinctes.  Nous  les  appellerons  les  coeffi' 
dents  de  stahilite  de  la  solution  periodique  consideree. 

"  Si  ces  n  coefficients  sont  tons  reels  .et  negatifs,  la  solution  period- 
ique sera  stable,  car  les  quantites  f>  and  i/t,  resteront  inferieures  a 
nne  limite  donnee. 

*'ll  n&  faut  pas  toutefois  entendre  ce   mot  de  stabilite  au  sens 

f  The  "  tmjeotoire  ferm^e  **  of  M.  Poincar^  is  Trhat  I  called  a  *^  fundamental 
mode  of  rigoroualy  periodic  motion,'*  op  "  an  orbit."* 
.   f^*8aeDiiIie'Papen,'ToL2ip.7l4. 
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absoln.  En  effct,  nous  avons  n6g\ig6  les  carr6s  des  f  et  des  ij  et  rien  ' 
ne  pronve  qn'en  tenant  compte  de  ces  carres,  le  resultat  ne  serait  pas 
chang^.  Mais  noas  ponvons  dire  an  moins  qne  les  f  et  fj,  s'ils  sont 
originairement  tr^s  petits,  resteront  tr^  petits  pendant  tr^  long- 
temps.  Nons  pouvons  exprimer  ce  fait  en  disant  qne  la  solntion 
periodiqne  jonit  sinon  de  la  st&hilite  seculairey  dn  moins  de  la  stabilite 
temporaire**  Here  the  conclnsion  of  §  9  of  my  present  paper  is  per- 
fectly anticipated,  and  is  expressed  in  a  most  interesting  manner. 
M.  Poincar^*s  investigation  and  mine  are  as  different  as  two  investi- 
gations of  the  same  subject  conld  well  be,  and  it  is  very  satisfactoiy  to 
find  perfect  agreement  in  conclusions. 


II.  **A  new  Mode  of  Respiration  in  the  Myriapoda."  By 
F.  G.  Sinclair  (formerly  F.  G.  Hbathcote),  M.A.,  Fellow 
of  the  Cambridge  Philosopliical  Society.  Received  August 
12, 1891. 

(Abstract.) 

The  Scntigeridae  respire  by  means  of  a  series  of  organs  arranged  in 
the  middle  dorsal  line  at  the  posterior  edge  of  every  dorsal  scale 
except  the  last. 

Each  off^n  consists  of  a  slit  bounded  by  four  curved  ridges,  two  at 
the  edges  of  the  slit,  and  two  external  to  the  latter.  The  slit  leads 
into  an  air  sac.  From  the  sac  a  number  of  tubes  are  given  off ;  these 
tubes  are  arranged  in  two  semicircular  masses.  The  ends  of  the 
tubes  project  into  the  pericardium  in  such  a  manner  that  the  ends 
are  bathed  in  the  blood  and  aerate  it  jast  before  it  is  returned  into 
the  heart  by  means  of  the  ostia.  In  the  living  animal  the  blood  can 
be  seen  through  the  transparent  chitin  of  the  dorsal  surface  surround- 
ing the  ends  of  the  tubes ;  and  in  the  organ  and  surrounding  tissues 
cut  out  of  a  Scutigera  directly  it  is  killed,  the  blood  corpuscles  can  be 
seen  clustering  round  the  tube  ends.  If  the  mass  of  tubes  of  a 
freshly  killed  specimen  are  teased  out  under  the  microscope  in  gly- 
cerine, they  can  be  seen  to  be  filled  with  air.  The  tubes  each  branch 
several  times.  Each  tabe  is  lined  with  chitin,  which  is  a  continua- 
tion of  the  chitin  of  the  exo-skeleton.  Each  tube  is  also  clothed  with 
cells,  which  are  a  continuation  of  the  hypodermis.  The  tubes  end  in 
a  blunt  point  of  very  delicate  chitin. 

Reasons  for  supposing  these  Organs  to  he  Respiratory. 

1.  There  are  no  other  organs  which  could  be  supposed  to  be  respi- 
ratory in  function. 
2.  The  tubes  are  chitinoas,  and  the  chWin  ^o^%  tVim  wid  mem- 
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branons  towards  the  end,  affording  a  good  opportunity  for  inter- 
change of  gases. 

3.  The  tube  ends  project  into  the  pericardinm,  so  that  they  are 
bathed  with  the  blood. 

4.  The  tnbes  are  filled  with  air. 

5.  The  organ  is  so  placed  as  to  aerate  the  blood  just  before  ifc 
retnms  to  the  heart. 

6.  In  Scatigera  tbe  dorsal  scales  do  not  agree  in  number  with  the 
legs.  The  organs  are  arranged  on  the  dorsal  scales ;  that  is  they  are 
not  arranged  in  correspondence  with  the  mesoblastic  or  primitive 
segmentation  (see  a  former  paper  before  this  Society,  "  The  Post- 
Embryonic  Development  of  Julus  terrestrisj*^  1888).  This  renders  it 
probable  that  they  are  not  a  piimitive  development,  but  a  recent 
modification,  agreeing  with  the  fact  that  all  other  Myriapods  breathe 
by  the  more  primitive  method  of  trachesD. 

This  mode  of  respiration  differs  from  that  in  other  Myriapods  in 
the  following  particulars  : — 

1.  The  tubes  are  collected  into  one  definite  organ,  instead  of  being 
distributed  about  the  body. 

2.  The  tubes  have  no  spiral  thread. 

3.  In  acting  on  the  blood  just  before  it  returns  to  the  heart,  so  that 
aerated  blood  is  distributed  instead  of  unaerated. 

It  resembles  the  tracheea  of  other  Myiaapods  in  the  following  par- 
ticulars : — 

1.  In  the  air  sac  into  which  the  tubes  open. 

2.  In  the  cylindrical  form  of  the  tubes. 

3.  In  the  branching  of  the  tubes. 

The  organs  resemble  the  tracheal  lungs  of  Spiders — 

1.  In  the  large  air  sac. 

2.  In  the  number  of  tubes  opening  into  an  air  sac.  ' 

3.  In  the  arrangement  for  bathing  the  tubes  with  blood  in  a  blood 
sinus. 

4.  In  the  supply  of  aerated  blood  by  the  heart. 
They  differ  from  them  in — 

1.  The  form  of  the  tubes,  which  in  Scutigera  are  cylindrical. 

2.  In  the  absence  of  the  membrane  which  in  Spiders  surrounds 
the  organ. 

I  therefore  hold  that  the  respiratory  organ  in  Scutigera  holds  a 
position  intermediate  between  the  trachecs  of  Myriapods  and  the  lungs 
of  Spiders.  I  hold  with  A.  Leuckart  (*Zeitsch.  fiir  Wiss.  Zool.,' 
vol.  1,  p.  246,  1849,  "  TJeher  den  Ban  und  Bedentung  der  aog,  Lungen 
hei  den  Arachniden**)  that  the  trachead  have  developed  into  the  lungs  of 
Spiders  and  Scorpions,  and  I  think  that  the  organs  in  question  form 
a  series  of  which  the  lowest  term  is  the  trachea?,  the  next  the  Qr^i&.w. 
of  Scutigera,  then  tbe  lungs  oi  Spiders,  and  then  oi  Scorgivoxia. 
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CONTEITTS, 

§  1.  Introdaction. 

§  2.  The  parturient  female  and  new-born  young  of  Trygon  walga, 

§  3.  The  uteru8  and  trophonemata  of  Trygon  walga  at  the  end  of  pregnancy. 

§  4.  The  uterus  and  trophonemata  of  Trygon  icalga  at  the  beginning  of  pregnancy. 

§  5.  Conclusions. 

§  1.  Introduction, 

On  the  24th  of  February  of  this  year  we  communicated  the  results 
of  some  observations  on  the  uterine  villiform  papill»,  or  tropho- 
nemata, of  Fteroplatoea  micrura  (Bl.  Schn.)  and  their  relation  to  the 
embryo,  and  also  incidentally  referred  to  the  structure  and  probable 
functions  of  similar  uterine  papilla?  in  Trygon  hleeJceri  and  Myliohatis 
nieuhofii. 

We  were  able  to  show  that  in  the  pregnant  females  of  these 
Batoids  the  mucous  membrane  of  the  uterus  is  extended  in  the  form 
of  elongate  papillae,  the  entire  surface  of  which,  again,  is  beset  with 
tubular  glands,  and  we  wore  able  to  bring  forward  evidence  in  favoui- 
of  the  view — more  especially  in  the  case  of  Fteroplat'i'a  micrura — 
that  the  function  of  these  glands  is  to  secrete  a  nutritive  fluid  which 
\?  conveyed  down  the  pharynx  and  into  the  stomach  of  the  embryo. 

JSiuco  the  date  of  that  communication  we  have  been  fortunate 
enough  to  obtain,  in  the  course  of  the  "  Investigator's  "  survey  of  the 
Godavari  Delta,  pregnant  and  parturient  females  of  Trygon  tvalga, 
Miiller  and  Henle,  a  pregnant  female  of  Myliohatis  nievhojii 
(Bl.  Schn.),  numerous  pregnant  females  of  Fteroplato'.a  micrura 
(Bl.  Schn.),  and  an  unimpregnat^d  uterus  of  Narcine,  the  examina- 
tion of  which  appears  to  corroborate  the  view  advanced  by  us  as  to 
the  function  of  the  uterine  papilla?  and  their  relation  to  the  embryo. 

In  the  case  of  Pleroplatcea  micrura^  of  which  species  we  have  ex- 
amined over  a  score  of  pregnant  females,  we  find  that  the  oviduct 
IS  dilated  into  an  uterus  on  both  sides  of  the  body  equally,  and  that 
each  uterus  may  contain  from  one  to  three  embryos,  the  usual  number 
being  two.     In  the  early  stages  of  gestation  the.  entire  surface  of  the 
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mucous  membrane  of  thomtems  is  beset  with  trophonemata,  bat  with 
the  growth  of  the  foetus  the  trophonemata  become  atrophied  by 
pressure,  except  opposite  the  spiracles  of  the  foetus,  where  they  re- 
main as  large  bunches  which  penetrate  through  the  spiracles  deep 
into  the  foetal  pharynx.  We  find  that  where,  as  appears  to  be  the 
most  common  condition,  two  embryos  occupy  the  uterus,  the  one  is 
roUed  up  within  the  other — ^head  to  head  and  tail  to  tail — but  in  such  a 
way  as  to  leave  the  spiracles  of  the  inner  one  exposed  for  the  tropho- 
nemfita  to  enter.  In  one  remarkable  instance,  where  one  spiracle  of 
the  inner  embryo  was  overlapped  and  concealed,  that  spiracle  was 
of  diminutive  size,  while  its  fellow  of  the  opposite  side  was  much 
enlarged.  On  microscopic  examination  we  find  the  nutrient  secre- 
tion of  the  trophonemata  to  contain  numerous  small  granular  bodies, 
and  a  few  large  granular  corpuscles  which  resemble  leucocytes. 

In  the  pregnant  female  of  Myliohatis  nieuhofii  we  found  three 
joung  ones,  two  males  and  a  female,  of  different  sizes,  in  an  uterine 
enlargement  which  exists  on  the  left  side  only.  In  the  two  smallest 
there  are  very  delicate  external  gills ;  but  of  such  structures  there  is 
no  trace  whatever  in  the  largest  embryo. 

The  spiracles  in  all  are  singularly  large  and  patent,  being  kept' 
open  by  an  eave-like  extension  of  the  cranial  cartilage.  The  mucous 
membrane  of  tho  uterus,  which  is  thickly  beset  with  long  branched 
glandular  villi,  was  intensely  vascular,  had  an  odour,  not  of  fish,  but 
like  that  of  raw  beef,  and  was  covered  with  a  creamy  yellowish- 
coloured  fluid  somewhat  resembling  "  laudable  pus  "  in  appearance. 
It  may  be  mentioned  that  the  spiral  gut  of  one  of  the  embryos  was 
found  to  be  full  of  the  same  creamy  fluid,  unchanged.  Apparently 
loose  in  the  body  cavity,  in  the  largest  foetus,  were  found  strings  of 
bead-like  concretions  held  together  by  inspissated  albuminous 
material:  and  on  examination  under  tho  microscope  these  concre- 
tions were  found  to  contain  numerous  crystals  of  oxalate  of  lime  and 
dumb-bell-shaped  bodies  exactly  resembling  the  dumb-bell  concre- 
tions of  urate  of  ammonia  found  in  human  urine. 

As  one  of  us  has  already  described  ('  Journal  Asiatic  Society 
Bengal,'  vol.  59,  Part  II,  pp.  54  and  55)  the  general  structure  of  the 
ntems  and  uterine  glands  in  the  stage  preparatory  to  pregnancy  in 
Myliobatts  nieuhofii,  we  are  deferring  a  report  on  this  species  in  the 
hope  of  obtaining  ampler  material  to  make  the  report  more  com- 
plete. 

We  devote  this  paper  to  some  account  of  the  phenomena  of  gesta- 
tion in  Trygon  walga,  in  which  we  have  been  able  to  make  fuller 
observations. 
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§  2.  On  the  Parturient  Female  and  New-Ihm  Young  of  Trygon 

walga. 

Two  females  of  Trygon  walga,  Muller  and  Henle,  were  taken  at 
Cocandda,  in  the  Godavari  Delta,  on  the  8th  of  April  of  this  year. 
The  abdomen,  in  one  of  them,  was  so  much  distended  that  the 
normal  flat  shape  of  the  fish  was  obscnred.  On  transfer  of  this 
specimen  to  a  bucket  of  sea- water,  two  young  ones  wore  seen  to  be 
suddenly  extruded  from  the  cloacal  orifice— one  a  few  minutes  after 
the  other.  The  young  ones  swam  about  vigorously  in  the  bucket. 
Relatively  to  the  size  of  the  abdominal  cavity  of  the  mother,  which  in 
this  species  is  much  contracted,  the  young  ones  are  enormous;  and 
on  seeing  the  two  of  them  beside  the  open  maternal  abdomen  it 
appears  almost  incredible  that  they  could  ever  have  been  compressed 
into  such  a  confined  space. 

The  following  are  the  measurements  of  the  mother  and  offsprings 
with  their  weight  after  preservation  in  spirit : — 


New-born 

New-bom 

Mother. 

young  one, 

young  one, 

No.  1. 

No.  2. 

Length  of  disk 

205  mm. 

67  mm. 

67  mm. 

Breadth  of  disk 

185    „ 

70    „ 

72     „ 

Length  of  tail  . . 

180    „ 

85     „ 

95     „ 

Length  of  snout  from  margin 

of  fronto-nasal  process  to  > 

57    „ 

19    „ 

19    „ 

tip 

Weight 

2734  grains 

200  grains 

174  grains 

Both  young  ones  were  females  ;  neither  of  them  had  any  traces  of 
external  gill  filaments ;  both  of  them  had  a  small  papilliform  um- 
bilical vesicle  about  1  mm.  long.  The  spiracles  in  both  were  large 
and  widely  open. 

Before  going  on  to  describe  the  visceral  anatomy  of  the  young,  and 
the  structure  of  the  uterus  and  its  trophonemata  in  the  adult,  there 
are  certain  interesting  external  characters,  distinguishing  the  young 
from  the  mature  female,  which  are  important  enough  to  be  men- 
tioned. 

(1.)  In  the  young,  the  dorsal  surface  of  the  body  is  quite  smooth 
and  devoid  of  the  dei-mal  tubercles  which,  in  this  situation,  charac- 
terise the  adult.  (2.)  The  young  have  only  one  tail  spine,  whereaa 
the  adult  has  two,  and  in  front  of  them  along  series  of  fixed  spinelets. 
(3.)  The  middle  third  of  the  space  between  the  base  of  the  tail  spine 
and  the  tip  of  the  tail  is  occupied  in  the  young  one  by  a  median  fold 
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of  the  dorsal  integtunent  15  mm.  long  and  abont  0*75  mm.  in  height ; 
this  is,  no  doabt,  a  vestige  of  the  vertical  system  of  fins,  of  which  no 
trace  exists  in  the  adnlt.  (4.)  The  ventral  fins  in  the  young  are 
placed  relatively  farther  back  than  they  are  in  the  adult,  projecting 
considerably  beyond  the  hinder  margin  of  the  disk,  while  in  the 
adnlt  they  barely  reach  this  limit.  (5.)  The  tail  is  relatively  a  good 
deal  longer  in  the  yonng. 

The  yonng  are  pigmented  in  all  respects  like  the  adnlt. 

In  the  yonng  one,  immediately  after  it  has  left  the  nterns,  the 
abdomen  is  very  tumid,  its  anterior  wall  being  stretched  so  thin  that 
the  abdominal  and  intestinal  contents  can  be  seen  through  it.  On 
opening  the  abdomen,  its  cavity  is  found  to  be  almost  completely 
fiUed  by  the  enormously  distended  colon  (spiral  gat),  the  liver, 
stomach,  and  duodenum  being  displaced  forward  beneath  the  pectoral 
girdle ;  the  rectum  is  very  sharply  marked  off  from  the  colon,  and 
appears  as  a  narrow  cord ;  the  cesophagns  and  stomach  are  empty, 
bat  the  colon  is  filled  with  bile-stained  granular  material,  which, 
under  the  action  of  spirit,  has  become  a  hard,  yellowish-brown 
cake,  of  which  the  weight  is  no  less  than  one-sixth  to  one-seventh  of 
that  of  the  entire  body. 

The  large  relative  size  of  the  rectal  gland  is  remarkable,  not  only 
in  this  species,  but  also,  we  may  mention,  in  the  foetus  of  Myliohatis 
nieuhofii  and  Fttroplatoea  micrura. 

§  3.  On  the  Uterus  and  TropJionemata  of  Trygon  walga  at  the  Close 

of  Pregnancy. 

The  abdomen  of  the  mother  was  laid  open  immediately  after  the 
birth  of  the  young  ones.  The  right  ovary  and  ovidact  are  un- 
developed ;  the  left  ovary  is  large,  and  the  distal  end  of  its  oviduct  is 
dilated  into  a  pyriform  uterine  swelling,  the  aperture  of  which 
projects  into  the  cloaca  as  a  conspicuoas  os  uteri.  On  opening  the 
uterus,  which  is  much  contracted  when  empty,  we  find  a  moderately 
thick  fibrous  and  muscular  wall,  lined  internally  with  a  mucous 
membrane  which  is  everywhere  produced  into  long  papillsd  (tropho- 
nemata)  ;  these  are  brittle  and  friable. 

The  trophonemata,  which  are  cylindrical,  unbranched,  and  taper 
slightly  from  base  to  apex,  are  about  10  mm.  in  length  and  about 
1  mm.  in  breadth;  and,  on  examination  with  a  low  magnifying 
power,  their  surface  is  seen  to  be  granular  and  much  fissured. 

A  transverse  section  through  the  uterine  wall  shows,  from  without 
inwardsy  (1)  a  thin  layer  of  fibrous  tissue,  (2)  a  layer  of  muscular 
fibres  cut  transversely,  (3)  a  layer  of  muscular  fibres  cut  longitudin- 
ally, and  (4r)  the  vascular  submucosa  and  the  mucosa  about  id^  \^ 
described  as  they  appear  id  a  tophonema. 
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*  Sections,  both  traosyerse  and  longitadinal,  throagh.  a  tropbonema 
display  a  central  core  of  fine  connective  tissue,  in  wbicb,  besides 
arteries,  veins,  and  a  dense  capillary  plexus,  are  cells  and  very  numer- 
ous free  leucocytes ;  and  surrounding  or  external  to  this  a  series  of 
solid  finger-shaped  coagula  formed  of  confluent  cells  in  yanooB  stages 
of  degeneration.  At  the  one  extreme,  these  finger-shaped  masses  axe 
seen  to  be  made  up  of  desquamated  cells  the  protoplasm  of  which 
has  simply  become  confluent  into  a  solid  mass  wherein  the  nuclei, 
with  the  nuclear  network  very  clear  and  conspicuous,  stand  out 
distinct  and  unchanged;  while,  at  the  other  extreme,  are  found 
nothing  but  solid  granular  coagula  in  which  neither  nuclei  nor 
structure  of  any  kind  can  be  distinguished,  with  leucocytes  scattered 
between  them. 

We  may  anticipate  events  by  stating  that  these  solid  masses  of 
cells  and  granular  coagula  appear  to  be  ''epithelial  casts"  of  the 
glands  which,  as  we  shall  show,  invest  the  surface  of  the  tropho- 
nemata  in  the  earlier  stages  of  pregnancy,  but  which,  at  the  close  of 
pregnancy,  are  undergoing  coagulative  degeneration,  while  the 
leucocytes  present  appear  to  be  exercifiing  a  resorptive  function. 

§  4.   On  the  Uterus  and  Trophoneniata  of  Trygon  walga  at  the 

Beginning  of  Pregnancy, 

The  second  female  specimen  is  about  the  same  size  as  the  first,  but 
had  not  the  same  convexity  of  the  abdomen.  It  also  has  the  right 
ovaiy  and  oviduct  undeveloped,  while  the  left  ovary  is  enlarged  and 
distended  with  ova,  and  the  distal  end  of  its  oviduct  is  dilated  into  a 
pyriform  uterine  chamber,  which,  however,  is  smaller  than  in  the  first 
specimen — measuring  only  32  mm.  from  the  fundus  to  the  os.  An 
egg  which  had  recently  descended  into  the  uterus  was  ruptured 
accidentally  in  dissection. 

The  uterus  has  at"  this  stage  in  all  respects  the  same  form  as  it  has 
at  the  end  of  pregnancy ;  but  the  trophonemata,  on  the  contrary,  are 
as  strongly  contrasted  as  possible  in  the  two  stages.  For  while  in  the 
late  stage  they  have  the  form  of  an  elongated  cone  and  are  in  process 
of  disintegration,  in  the  early  stage  they  are  strap-shaped  and  are  in 
process  of  integration.  That  the  trophonemata  were  not  functioning, 
their  incompletely  evolved  condition  proves,  apart  ivom  the  considera- 
tion that  in  the  well-filled  yolk-sac  there  would  be  abundant  sustenance 
for  the  embryo  for  some  time. 

The  trophonemata  are  somewhat  wavy,  rather  thick  and  fleshy, 

strap-shaped  bodies,  measuring  about  10'5  mm.  in  length  by  about 

1   mm.  in  greatest  breadth.     Narrow  at  their  origin,  they  almost 

immediately  widen  out  to  their  greatest  breadth,  which  is  maintained 

^  about  the  seventh  tenth  of  their  length,  whence  they  taper  to  their 
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founded  extremity.  They  are  with  difficulty  straightened  out  from 
their  wavy  curl.  In  staiaed  preparations  a  dark  nnbranched  line  is 
seen  following  the  sinuosities  of  the  trophonema,  nearer  to  one  margin 
than  to  the  other,  and  tapering  away  to  nothing  at  the  apex ;  it  is  the 
rounded  thickening  formed  by  tlie  (developing)  axial  yein  which  is  so 
conspicuous  in  the  trophonemata  of  Pteroptatcea, 

A  trophonema,  lightly  stained  with  borax  carmine,  mounted  in 
jq)irit  and  glycerine,  and  viewed  under  a  Zeiss  D  ocular  2  by  trans- 
mitted light,  shows  a  darker  and  broader  median  band  and  two  lighter 
and  much  narrower  marginal  bands.  In  the  former  the  axial  vein 
presents  itself  as  a  streak  with  a  pale  axis,  which  transverse  sections 
prove  to  be  the  optic  expression  of  the  commencing  lumen.  In  each 
of  the  latter  a  large  vessel,  which  in  transverse  section  is  seen  to  be 
an  artery,  can  readily  be  made  out.  By  careful  focussing,  the  sui*face 
of  the  broad  median  band  is  seen  to  be  covered  with  a  coarse  polygonal 
network,  with  paler  meshes,  which  correspond  to  the  simple  or  com- 
pound duct-openings  of  subjacent  glands;  the  network,  like  the 
surface  of  the  pale  marginal  bands,  is  covered  continuously  with 
minute  flat  glassy  cells  having  sharply  defined  nuclei  and  distinct 
limiting  membranes.  'Some  preparations  suggest  that,  in  tropho- 
nemata which  are  less  advanced  in  development  than  the  one  under 
description,  this  layer  of  pavement  cells  may  form  a  continuous 
investment  over  the  whole  trophonema. 

Transverse  sections  of  a  trophonema  show  that  the  meshes  of  the 
polygonal  network  above  referred  to  coincide  with  bulb- shaped  nests 
of  cells  which  are  the  still  solid  foundations  of  glands. 

These  glands  are  arranged,  as  in  Pteroptatcea  {vide  *  Roy.  Soc.  Proc.,' 
vol.  49,  PI.  VIII,  fig.  5),  perpendicular  to  the  surface,  side  by  side,  in 
the  substance  of  the  mucosa,  but  not  quite  so  close  together.  They 
are  squat  bulb-shaped  organs,  and  are  often  compound,  with  two, 
three,  or,  perhaps,  four  acini.  In  consequence  of  the  absence  of 
limiting  cell-membranes,  the  exact  arrangement  of  the  gland  cells 
cannot  bo  made  out,  but  the  nuclei,  which  are  elongate,  ai*e  arranged 
somewhat  irregularly  in  two  strata — the  nuclei  of  the  two  strata  and 
of  the  same  stratum  overlapping  one  another;  whence  it  may  be 
inferred,  though  no  cell-boundaries  are  traceable,  that  the  gland 
tissue  forms  a  two-layered  stratified  columnar  epithelium  similar  to 
that  which  is  found  in  many  parts  of  the  Mammalian  respiratory 
tract. 

The  glands,  which,  as  above  stated,  are  quite  solid  without  any 
trace  of  lumen,  appear  to  have  originated  as  ingrowths  of  the  in- 
different layers  of  the  epithelium  alone,  the  outer  layer  of  flat  glassy 
pavement  cells  which  invests  the  surface  of  the  trophonema  between 
the  glands  and  at  its  sides  not  having  been  involved  in  the  process. 
And,  from  appearances  presented  by  less  developed  tro^\xoik€indX»i^ 
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-we  infer  that,  in  early  stages,  the  pavement  layer  forms  a  continaoos 
investment  over  the  whole  trophonema ;  and  that  sabseqaently,  by 
the  separation  from  one  another  at  definite  spots  of  the  pavement 
cells,  stomata  are  formed,  which,  when  the  lamina  of  the  glands  are 
established,  become  the  months  of  the  glands.  Be  this  as  it  may,  the 
outer  (pavement)  layer  is  not  traceable  into  the  months  of  the  glands 
at  any  point  in  any  of  our  sections. 

The  trophonemata  possess  an  exceedingly  rich  vascular  supply. 
All  the  sections  show  two  large,  but  not  very  thick- walled,  arteries, 
one  in  each  non-glandular  margin ;  minute  arterioles  here  and  there 
between  adjacent  glands  immediately  beneath  the  epithelium ;  and, 
between  the  layers  of  glands  of  opposite  faces,  a  plexus  of  sinuoua 
cavities  or  capillaries. 

The  capillary  plexus  in  transverse  sections  of  a  trophonema  is  seen 
to  extend  deeply  between  the  glands  right  up  to  the  superficial 
arterioles ;  and,  in  the  part  corresponding  to  the  position  of  the  great 
axial  vein  of  Pteroplatcea,  it  presents  a  solid  or  spougy  circular 
expansion,  in  the  centre  of  which  the  future  lumen  of  the  vessel  is 
commencing  to  be  ibrmed.  In  transverse  section  of  a  group  of  glands 
the  capillary  plexus  is  seen  to  form  a  polygonal  network,  in  the 
meshes  of  which  the  glands  lie. 

In  comparison  with  Pteroplatcea  micrura^  the  trophonemata  of 
Trygon  walga  are  characterised  by  the  possession  of  an  epithelium 
which  is  several  cells  thick  instead  of  one  cell  thick,  and  by  the 
richer  vascular  supply  of  their  glands,  each  of  which  is  embedded 
in  a  little  capillary  cup  of  its  own,  like  a  filbert  in  its  husk. 

§  5.  ConcltLsions. 

1.  Comparison  of  the  trophonemata  in  the  two  stages  above 
described,  showing,  on  the  one  hand,  at  the  onset  of  pregnancy,  a 
mucous  membrane  of  large  nucleated  indifferent  cells  and  of  solid 
unformed  glands,  and,  on  the  other  hand,  when  the  term  of  pregnancy 
is  fulfilled,  a  surface  layer  of  gland-casts  of  epithelium  in  various 
stages  of  degeneration,  appears  to  be  conclusive  proof  that  the  glands 
are  developed  for  the  special  requirements  of  the  pregnant  state. 

2.  As  regards  the  function  of  these  glands,  the  presence  in  every 
case  where  a  fresh  pregnant  uterus  has  been  examined  of  a  viscid 
turbid  or  actually  milky  albuminous  fluid,  and  further  the  finding  in 
the  case  of  Myliohafis  nieuhofii  of  one  and  the  same  secretion  in  the 
uterus  of  the  mother  and  in  the  intestine  of  the  fcetus,  seem  to  fully 
confirm  our  original  conclusion  that  they  are  in  all  cases  milk-glands 
furnishing  a  secretion  for  the  nourishment  of  the  embryo. 

3.  Regarding  the  channel  through  which  the  milk  is  carried  into 
tlie  foetus,  TFe  think  it  to  be  iu  every  species  tliat  we  have  examined, 
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^reroplatma  micrura,  Myliohaiis  nveuhofii^  Trygon  walga^  and  Trygon 
eekeriy  the  large  wide-open  spiracles.  In  PteroplaUea  we  know  that 
e  trophonemata  pass  into  the  spiracles  ;  but  the  singular  distension 
these  orifices  in  the  other  species,  in  contrast  to  the  smallness  of 
le  other  apertures  of  the  body,  points  to  the  conclusion  stated. 

4.  The  stomach  in  all  cases  that  we  have  hitherto  observed  (except 
L  Trygon  hleekeri,  where  the  observation  was  lost)  is  empty,  small, 
id  displaced ;  while  the  colon  (spiral  gut)  is  full,  large,  and  dis- 
inded  at  the  expense  of  other  organs.  And  this  leads  us  to  the 
inclusion  that  the  foetal  stomach  is  simply  a  channel  through  which 
le  easily  assimilable  food  passes  to  be  absorbed  by  the  spiral  gut. 
Ad  of  tliis  conclusion  the  presence  of  the  unchanged  "  milk  "  in  the 
>iral  gut  of  Myliohatis  is  corroborative. 

5.  Finally,  as  to  the  method  of  respiration  of  the  foetus,  no  conclu- 
on  can  as  yet  be  arrived  at.  It  is  probably  safe  to  assume  that  the 
)nsumption  of  oxygen  and  the  production  of  carbonic  acid  by  the 
etus  are  comparatively  small,  and  that  the  respiratory  exchanges 
re  sufficiently  carried  out  through  the  soft  foetal  skin  where  this 
>me8  in  contact  with  the  vascular  trophonemata  and  uterine  wall. 

Hitherto,  we  have  not  found  any  special  distribution  of  blood- 
»8sels  to  the  skin,  in  the  foetus.  And  in  Pteroplatxa  the  manner  in 
hich,  when  two  foetuses  are  present,  the  one  is  rolled  up  within  the 
iher,  prevents  contact  of  the  inner  foetus  with  the  uterine  wall, 
Lcept  at  the  snout,  and  where  the  trophonemata  enter  the  spiracles. 

We  are  indebted  to  Professor  G.  B.  Howes  for  calling  our  atten- 
on  to  a  short  note  by  Dr.  W.  A.  Has  well  (*  Proceedings  Linnean 
xjiety,  New  South  Wales,'  vol.  3,  1889,  pp.  1713  to  1716)  on 
rolophus,  in  which  it  is  suggested  that  the  extraordinarily  long 
iemaJ  gills  of  the  foetus  are  concerned  in  absorbing  matter  which 
supposed  to  exude  from  the  blood-vessels  of  the  uterine  villi. 


r.  "  On  some  of  the  Variations  observed  in  the  Rabbit's  Liver 
tinder  certain  Physiological  and  Pathological  Circum- 
stances." By  T.  Lauder  Brunton,  M.D.,  B.Sc,  F.R.S., 
and  Sheridan  DELiSpcfE,  M.B.,  B.Sc.  Received  October 
22, 1891. 

(Abstract.) 

Under  the  influence  of  the  natural  stimulus,  of  digestion,  numerous 
Anges  are  observable  in  liver  cells.  In  this  we  partly  confirm 
id  partly  complete  (and  add  to)  the  observations  of  previous 
vestigators. 
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1.  Some  of  them  indicate  the  existence  of  a  peculiar  kinetic  state, 
nanifested  by  irritability  and  contractility^  giving  rise  to  variations  i\ 
the  distribution  of  the  mitoma  of  the  cells. 

The  alternate  enlargement  and  shrinking  of  the  nuclei  seem  t 
point  in  the  same  direction. 

The  correlation  between  these  phenomena  and  certain  alternation 
in  the  contractility  of  the  sphincter  pnpillie  still  farther  strengthen 
this  view. 

2.  Daring  digestion,  in  addition  to  the  dynamic  state  just  alluded 
to,  glycogen  accumulates  in  the  cells,  and  gradually  fills  up  all  th 
meshes  of  the  mitoma.     This  begins  in  the  hepatic  zone  almost  im — 
mediately  after  the  beginning  of  a  meal,  attains  its  maximum  from, 
the  third  to  the  eighth  hour,  and  gradually  diminishes,  till  at  th^- 
twelfth  hour  only  a  few  granules  are  left  in  the  hepatic  sone,  which  i> 
thus  the  first  and  the  last  to  be  infiltrated  with  glycogen. 

Another  evidence  of  cliemical  activity  is  given  by  the  a^umulation 
of  a  ferruginous  pigment  in  the  cells  of  the  liver.  This  begins  to  be* 
well  marked  five  hours  after  a  meal;  it  gradually  increases,  until  at 
the  twelfth  hour  it  has  attained  its  maximum,*  after  which  it  rapidly 
diminishes.  It  is  to  be  noted  that  the  first  effect  of  taking  a  meal  is 
to  cause  a  diminution  of  this  iron-containing  pigment  in  the  liver 
cells. 

There  is,  therefore,  evidence  that  the  signs  of  activity  of  liver  cells 
occur  in  the  following  order : — 

(a.)  Alterations  in  the  Size  of  the  Mashes  and  in  the  Distribution  of 
the  Mitoma. — This  occurs  very  early,  and  continues  till  the  eighth 
hour  at  least. 

(6.)  Accumulation  of  some  products  which  have  beep,  separated 
from  the  food  and  absorbed,  but  yet  not  assimilated!  (or  utilised  in  the 
production  of  energy)  {glycogen).  This  becomes  marked  also  early 
after  the  taking  of  a  meal,  and  attains  its  maximum  between  the 
third  and  eighth  hours. 

(c.)  Accumulation  of  some  products  which  have  been  separated  in 
the  cell  as  a  result  of  its  special  functional  activity,  but  as  yet  not 
expelled  from  it  (iron-containing  pigment).  This  attains  its  maximum 
at  the  twelfth  hour. 

It  is  evident  that  the  first  and  the  last  of  these  signs  are  not  neces- 
sarily under  the  dependence  of  the  absorption  of  food.  On  the 
contrary,  the  second  is  apparently  one  of  the  results  of  absorption. 
It  is,  therefore,  probable  that,  whilst  the  first  and  the  third  may  be 
brought  about  by  various  stimulating  agents,  the  second,  being  con- 

•  As  demonstmtod  by  microcliemical  rcriotions.     (It  is,  however,  possible  iha 
part  of  the  iron  compounds  set  free  by  the  splitting  up  of  hfiemoglobin  may  not  t 
revealed  hy  ihh  method.) 
f  This  is  said  vrith  reference  to  the  \:o"\v  lt;kcn  aa  ti  7i\\o\«. 
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nected  wiih  the  taking  of  food,  is  hardly  to  be  expected  to  be  among 
tbe  TesnltB  of  stimnlation  pf  starving  cells. 

In  studjing  the  efEects  of  dmgs  it  will  be  nsefal  to  consider  the 
relation  of  these  yarions  effects  in  order  to  understand  the  special 
xnode  of  action  of  the  agent  employed. 

Sy  these  observations  we  have  also  obtained  indications  of  the 
'ways  in  which  cells  can  be  placed  in  different  states  of  activity,  so 
that,  by  the  administration  of  drugs  at  various  times  after  a  meal,  we 
can  study  more  accurately  what  accelerating,  restraining,  or  other- 
wise modifying,  influences  the  drug  may  have. 

We  have  been  driven  to  consider,  incidentally,  some  other  problems, 
such  as  the  relations  which  exist  between  contractility  and  secretory 
activity,  but  such  things  cannot  be  considered  fully  in  this  com- 
munication. 


V.  "On  the  Electromotive  Phenomena  of  the  Mammalian 
Heart"  By  W.  M.  Batliss,  B.A.,  B.Sc,  and  Ernest  H. 
Starling,  M.D.,  M.R,C.P.,  Joint  Lecturer  on  Physiology  at 
Guy's  HospitaL  (From  the  Physiological  Laboratx^ry, 
University  College,  London.)  Communicated  by  E.  A. 
SOHAFER,  F.R.S.   Received  October  23,  1891. 

(Abstract.) 

Methods  of  Eesearch. — The  heart  being  exposed,  two  points  of  its 
surface  were  connected  by  means  of  non-polarisable  electrodes  with 
the  terminals  of  a  capillary  electrometer.  An  image  of  the  meniscus 
was  thrown  on  to  a  moving  photographic  plate,  on  which  were  also 
recorded  the  contractions  of  the  ventricle,  a  time  tracing  (8  or  100 
per  second),  and  in  many  cases  the  time  of  stimulation  (when 
artificial  stimuli  were  used),  or  the  period  of  excitation  of  the  vagus 
(when  it  was  desired  to  slow  the  heart).  In  nearly  all  experiments 
we  used  dogs. 

We  have  also  made  experiments  on  the  excised  heart.  In  these, 
the  heart,  immediately  after  the  chest  was  opened,  was  placed  in  a 
warm  moist  chamber.  The  wires  of  the  electrodes  and  the  tube 
going  to  the  tambour  recording  the  heart  beats  passed  through  holes 
in  the  sides  of  the  chamber. 

BestUte. — ^As  to  the  wave  of  negativity  in  the  ventricle,  we  find 
that  in  animals  whose  hearts  are  in  as  normal  a  condition  as  possible 
the  variation  is  always  diphasic,  the  negativity  at  the  base  preceding 
that  at  the  apex.  The  result  is  the  same  whether  the  pericardium  be 
intact  or  opeaxBd^  or  whatever  points  of  the  ventricular  surfsA^  «s^ 
led  off. 
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The  cbaracter  and  direction  of  this  variation,  however,  is  exceed- 
ingly sensitive  to  slight  changes  in  the  temperature  of  the  various 
parts  of  the  heart,  so  that  in  order  to  obtain  a  constant  result  in 
animals  with  opened  chest  it  is  necessary  to  use  warmed  air  for 
artificial  respiration. 

The  following  experiment  illnstrates  the  sensitiveness  of  the  direc- 
tion of  the  electrical  variation  to  changes  in  the  temperature  of  the 
respired  air : — 

June  27,  1890. — Bog:  Operation  as  already  described;  artificial 
respiration   with  warmed   air.      Base  of  right  ventricle   (anterior 
surface)  to  acid,  apex  of  left  ventricle  to  capillary. 
Direction  of  variation — 

(a.)  Before  opening  pericardium  :  diphasic — base,  apex. 
(6.)  After  opening  pericardium :  diphasic — ^base,  apex. 
The  hot  water  was  now  poured  out  of  the  vessel  surrounding  the 
spiral,   and  this  was  filled  with  ice.     After  ^ve  minutes   another 
photograph  was  taken  of  the  variation — 
(c.)  Triphasic — base,  apex,  base. 

(d,)  (After  another  five  minutes.)     Diphasic — apex  base, 
(e.)  The  ice  was  now  replaced  by  hot  water. 
After  ten  minutes  more,  the  variation  was  found  to  be  once  again 
diphasic,  the  base  becoming  negative  first. 

Cold  air  was  then  used  again,  with  the  same  result  as  before. 
The  same  reversal  of  the  variation  can  be  obtained  in  the  tortoise's 
heart  by  warming  the  apex  and  cooling  the  base  simultaneously. 

If  we  may  regard  the  electrometer  tracings  as  reliable,  that  is  to 
say,  if  the  variation — apex,  base — with  cooled  base  is  the  real  varia- 
tion, and  it  is  not  really  a  triphasic  one  with  a  first  phase  too  small 
to  be  read  on  an  eledtrometer,  the  only  conclusion  we  can  draw  from 
our  experiments  is  that  the  excitatory  wave  in  the  ventricle  is  a 
different  thing  from  tha  wave  of  negativity,  and  precedes  it  (since  in 
the  hearts  with  cooled  base,  although  the  ventricles  were  beating  in 
normal  sequence  to  the  auricles,  the  negativity  began  at  the  apex 
before  the  base).         ^ 

Possibly,  in  the  ventricles,  the  excitatory  state  is  not  transmitted 
directly  from  one  muscle  cell  to  another,  but  by  the  intervention  of 
the  intermuscular  network  of  nerves  shown  by  Dogiel,  Openchowski, 
and  others,  to  be  universally  present  in  the  ventricular  walls. 

Time  Measurements. — Some  point  of  the  auricles  or  ventricles  was 
stimulated  three  times  a  second  by  means  of  an  induction  shock.  In 
this  way  an  artificial  rhythm  is  induced,  the  heart  contracting  to 
every  stimulation.  This  is  the  only  method  by  which  it  is  possible 
to  get  time  measurements  in  the  mammalian  heart,  since  we  cannot 
put  this  organ  into  a  prolonged  standstill,  as  we  can  the  frog's  heart 
Jbjr  means  of  the  Stannius  ligature. 
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The  latent  period  of  electrical  response  of  anricalar  and  yentricnlar 
mnscle  to  direct  electrical  stimulation  is  so  short  that  we  could  not 
measnre  it  accnratelj  with  the  means  at  our  disposal.  It  is  certainly 
less  than  OOl''. 

We  have  sought  to  measure  the  rapidity  of  propagation  of  the  wave 
in  the  mammalian  ventricle  in  the  same  way  as  Engelmann  and 
Sanderson  and  Page  estimated  it  in  the  frog's  heart,  namely 
measuring  the  time  interval  between  the  beginning  and  the  culmina- 
tion of  the  initial  phase. 

In  the  exposed  heart  of  a  dog,  breathing  warmed  air,  the  rate  is 
generally  about  30  mm.  in  0*01'^,  i.e.,  about  3  metres  per  second. 
But  the  sensitiveness  of  the  form  and  direction  of  the  variation  to 
slight  changes  in  temperature  of  different  parts  of  the  heart  surface 
must  make  us  hesitate  in  taking  these  figures  as  the  correct  ones. 

There  is  a  long  period  of  delay  in  the  passage  across  the  auriculo- 
ventricular  groove.  A  mean  of  eight  observations  gave  0*15"  as  the 
time  elapsed  after  stimulation  of  the  auricles  before  the  development 
of  negativity  at  the  base  of  the  ventricles.  Nearly  the  whole  of  this 
time  is  taken  up  in  the  passage  from  auricles  to  ventricles,  since  it 
makes  very  little  difference  to  the  time  interval,  whether  the  stimuli 
be  applied  to  an  auricular  appendage,  or  the  auricles  close  to  the 
auriculo-ventricular  groove. 

Lastly,  we  have  obtained  no  evidence  of  the  supposed  tetanic  nature 
of  a  cardiac  contraction  (Fredericq),  all  our  results  pointing  con- 
clusively to  the  contraction  being  a  single  jvave,  starting  at  the  base 
and  passing  thence  to  the  apex  of  the  heart. 

The  conclusions  arrived  at  by  Sanderson  and  Page  in  their  work  on 
the  heart  of  the  frog  and  tortoise  hold  good  also  for  the  mammalian 
heart. 

Appendix. 
On  the  Electrical  Variation  of  the  Heart  of  Man  and  the  Intact  Doq, 

We  have  also  photographed  the  electrical  change  of  the  heart  of 
man  and  of  the  dog,  with  chest  unopened,  a,nd,  in  opposition  to 
Waller,  we  find  that  the  variation  is  of  sucn  a  nature  as  to  show 
negativity  always  commencing  at  the  base.  The  greatest  effect  was 
obtained  by  leading  off  from  the  apex  beat  and  the  right  hand,  but 
we  found  the  same  character  of  variation  from  whatever  points  on  the 
surface  of  the  body  we  led  off,  i.e.,  the  electrode  nearest  the  base 
became  negative  first. 

The  photographs  show  what  the  eye  could  not  distinguish  clearly, 
viz.,  that  each  beat  is  accompanied  by  a  triphasic  variation,  consistiug 
of  1st,  a  "  spike  "  (basal  negativity)  ;  2nd,  a  more  prolonged  excursion 
in  the  opposite  direction  (apical  negativity)  ;  and  3rd,  a  large  and  pro- 
longed movement  in  the  same  direction  as  the  "  spike  "  (basal  nega- 
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tivity).     Hence  we  conclude  that  the  hose  becomes  fiegative  hefai 
apex,  and  that  its  negativity  overlasts  that  of  the  apex. 

We  do  not  feel  able  as  yet  to  explain  the  triphasic  nature  o 
variation  ;  it  shows,  however,  that  normally  the  excitatory  state  t 
base  lasts  longer  than  at  the  apex. 
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The  Society. 

London: — Aristotelian   Society.      Proceedings.     Vol.  I.     No.  4. 

Part  2.     8vo.    London  1891.  The  Society* 

City  of  London  College.     Calendar.      1891-92.    8vo.    London 

1891.  The  College. 

Egypt  Exploration  Fund,     Report.      1888-9.      870,      London 

[1891].  The  Committee. 

Institute  of   Brewing.     Transactions.    Vol.  IV.    No.  8.     870. 

London  1891 ;  List  of  Members.    8vo.    London  1891. 

The  Institute. 

Institution  of  Civil  Engineers.    Minutes  of  Proceedings.    Vols. 

CIV-CVL       8vo.       London    1891;     Brief    Subject  -  Index. 

Vols.  LIX-CVI.     8vo.    London  [1891] ;  Engineering  Educa- 

tion  in  the  British  Dominions.     8to.    London  1891 ;  List  of 

Members,  Ac.     8vo.     London  1891.  The  Institution. 

Institution  of  Mechanical  Engineers.    Proceedings.    1891.    Nos. 

2-3.     8vo.     London.  The  Institution. 

Institution  of  Naval  Architects.     Transactions.    Vol.  XXXII. 

8vo.    London  1891.  The  Institution. 

Marine  Biological  Association.    Journal.    Vol.11.    No.  2.     8vo. 

London  1891.  The  Association. 

Royal  Medical  and  Chirurgical  Society.     Proceedings.    Vol.  IV. 

Pp.  1-20.     8vo.     [London  1891.]  The  Society. 

Royal  United  Service  Institution.     Journal.     Vol.  XXXV.     No. 

165.     8vo.     London  1891.  The  Institution. 

Zoological  Society.     Transactions.     Vol.  XIII.      Pai*t  I.     4to. 

London  1891 ;  Proceedings.    1891.     Part  I.     8vo.     London. 

The  Society. 

Moscow: — Societe  Imperiale  des  Naturalistes.     Bulletin.      1891. 

No.  1.     8vo.     Moscou  1891.  The  Society. 

Newcastle-upon-Tyne  : — North  of  England  Institute  of  Mining  and 

Mechanical  Engineers.   Transactions.   Vol.XXX.VlII.   Part  6. 

Vol.  XL.     Parts  2-3.     8vo.     Newcastle  1891 ;  Annual  Report, 

&c.    8vo.    Newcastle  1891.  The  Institute. 

New  York: — American   Geographical   Society.      Bulletin.      Vol. 

XXIII.     Nos.  2-3.     8vo.    New  York  1891.  The  Society. 

Sienna : — R.  Accademia  doi  Fisiocritici.     Atti.     Ser.  4.     Vol.  III. 

Fasc.  5-8.     8vo.     Siena  1891.  The  Academy. 

Stockholm : — Kongl.  Vetenskaps-Akademie.     Of versigt.     Arg.  48. 

Nos.  5-7.     8vo.  .  StocJi'holm  1891.  The  Academy. 

Sydney: — Linnean  Society  of  New   South  Wales.     Proceedings. 

Vol.  V.     Part  4.     8vo.     Sydney  1891.  The  SocietY- 


216  Presents.  [Nov.  2&>  ,^ 

Transactions  (continued), 

Royal  Society  of  New  Sontli  Wales.     Journal  and  Proceeding^^K . 
Vol.  XXIV.     Part  2.     8vo.     Sydney  [1891].        The  Societ>-^    . 
University.     Calendar.     1891.     Svo.     Sydney. 

The  Universifc,^—     « 


Journals. 

American  Journal  of  Philology.     Vol.  XII.    No.  2.     870.     Bdlt^^— 
more  1891.  The  Editorz — • 

Annales  des  Mines.     Tome  XIX.     Livr.  2.     8vo.     Paris  1891. 

ficole  des  Mines,  Parish  . 
Annales  des  Ponts  et  Ghauss^es.     Avril — Mai,  1891.     8vo.     Part^r^- 

Minist^ro  des  Travauz  Publics,  Pari^  • 
Annales  Hydrographiqnes.     Ann6e  1891.     8vo.     Parts  1891. 

Service  Hydrographique  de  la  Marine,  Pari^  ^ 
Archiv  for  Mathematik  og  Naturvidenskab.     Bind  IV.    Bind  XlV  — 
Hefte  3-4.     8vo.     Ghristianta  1879,  1890. 

The  University,  Christiania  ^ 
Archives  N^erlandaises  des  Sciences  Exactes  et  Naturelles.     Tom^ 
XXV.     Livr.  2.     8vo.    Harlem  1891. 

Soci6t6  Hollandaise  des  Sciences  ^ 
Asclepiad  (The)     Nos.  29-31.     870.    London  1891. 

Dr.  Richardson,  P.R.S  • 
Astronomischo  Xachriehten.     Bd.  CXXVII.     4to.     Kiel  1891. 

The  Editor. 
Epigraphia  Indica  and  Record  of  the   ArchaBological   Survey  of 
India.     Part  7.     Folio.     Calcutta  1890.  The  Editor- 

Journal  of  Comparative  Neurology.    Vol.  I.     Pages  1-200.     8vo- 
Cincinnati  1891.  The  Editor. 

Mittheilungen  aus  der  Zoologischen  Station  zu  Neapel.     Band  X- 
Heft  1.     8vo.     Berlin  1891.  The  Zoological  Station^ 

Nyt  Magazin  for  Naturvidenskabeme.     Bind  XXXII.     Hefte  1-2^ 
8vo.     Christiania  1890-91. 

The  Physiographiske  Forening,  Christiania^ 
Records  of  the  Australian  Museum.   Vol.  I.   No.  7-8.   8vo.    Sydne^f" 
1891.  The  Trustees- 

Re  vista  Argentina  de  Historia  Natural.    Tomo  I.    Entr.  3-5.    8vo— 
Bue^ios  Aires  1891.  The  Editor.^ 

Sbornik  Materialov  dlya  Opisaniya  Myestcnostei  i  Piemen  Kavkaza^ 
[Collection  of  Materials  for  the  Description  of  the  Localities 
and  Places  of  the  Caucasus — RussianJ]     Vol.  XI.     8vo.     TiflU 
1891. 

Curateur  do  TArrondissement  Scolaire  du  Caucase— 
Scientific  Memoirs  by  Medical  Officers  of  the  Army  of  India.     Part^ 
6.    4to.     Calcutta  1891.  The  Editor^ 
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W)iiiiial8  {continued')* 

Stazioni  Sperimentali  Agi*arie  Italiane  (Le)     Vol.  XX.     Fasc.  5-6. 
Vol.  XXI.    Fasc.  1-3.    Svo.    Agtil%^\. 

B.  Stazione  Enologica,  Asti. 
Technology  Quarterly.     Vol.  IV.    No.  1-2.     8vo.     Boston  1891. 

Mass.  Institute  of  Technology,  Boston. 
Zeitschrif fc    fur  .  Naturwissenschaften.      Band  LXIII.      Heft  6. 
BandliXIV.    Heft  1-3.    Svo.    JffoZfe  1890-91. 

Naturwissenschaf  tlicher  Verein,  Halle. 


«^%jneghino  (F.)    Nnevos  Bestos  de  Mamiferos  F6siles  descnhiertos 

por  Carlos  Ameghino  en  el   Eoceno  Inferior  de  la  Patagonia 

AnstraJ.     Svo.    Buenos  Aires  1891.  The  Author. 

IBachanan  (J.  Y.),  F.B.S.     On  the  Composition  of  some  Deep-Sea 

Deposits  from  the  Mediterranean.     870.    Edinburgh  1891. 

The  Author. 
Cyhauvean   (A.),  For.  Mem.   B.S.     Sur  la  Fusion  des  Sensations 

Chromatiques  per9ues  isolement  par  chacun  des  Deux  Yeux. 

4to.     Paris  1891 ;  Sur  la  Transformation  des  Virus  k  propos  des 

Belations  qui  existent  entre  la  Vaccine  et  la  Variole.    8vo.   JParis 

1891 ;  Sur  le  M^canisme  des  Mouvements  de  Tlris.     8to.    Paris 

1888.  The  Author. 

dowes  (F.)  and  J.  B.  Coleman.     Quantitative  Chemical  Analysis. 

Svo.     London  1891.  Dr.  Clowes. 

Gray  (A.)     Plates  prepared  between  the  years  1849  and  1859,  to 

accompany  a  Beport  on  the  Forest  Trees  of  North  America.     4to. 

Washington  1891.  The  Smithsonian  Institution. 

Haeckel   (E.)      Anthropogenic    oder  Entwickelungsgeschichte    des 

Menschen.    Vierte  Auflage.    2  vols.    Svo,    Leipzig  1891. 

The  Author. 
Hale  (G.  B.)     The  Ultrarviolet  Spectrum  of  the  Solar  Prominences. 

Svo.    London  1891.  The  Author. 

Kessler  (B.)     Praktische  Philosophic.     Svo.    Leipzig  1891. 

The  Author 
Langley   (S.   P.)     Becherches  Exp^rimentales  A^rodynamiques  et 

Donn6es  d'Bxp^rience.    4to.     Paris  1891.  The  Author. 

Le  Ch&telier  (H.)     Note  sur  le  Dosage  du  Grisou  par  les  Limites 

d'Inflammabilit6.     Svo.    Parw  1891.  The  Author. 

Leconte  (F.)    Dispositions  Gtklvanom6triques  et  Emploi  des  Lampes 

k  Incandescence  pour  I'Explosion  des  Melanges  D^tonants.     Svo. 

BruxeUes  1891.  The  Author. 

Marione  (M.)     Introduzione  alia  Teoria  delle  Serie.     Parte  Prima. 

I  Determinant!  WronsMani  e  la  Legge  Supreme.  %^o.   Coia'aiaTO 

JS91;  La  Fanzione  Alet  di  Hoene  WroMkL    ft^o.     Catauwwo 
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1891 ;  Snlle  Badioi  Gomani  a  piii  EqnaEioni.    8vo.     Oaiamtam 

1891.  The  Autbor. 

Mueller  (Baron  F.  yon),  P.R.S.    Iconography  of  Anstralian  Sal- 

solaceoos  Plants.    Decade  7.    4to.    Melhowme  1891. 

The  GK>Tonmi^t  of  Victoria. 
Pfluger  (E.)f  For.  Mem.  B.S.    Einige  Erklamngen,  betreffend  memen 

Anfsatz  'Die  Qnelle  der  Mnakelkraft.     Yorl&ofiger    AfariaB.' 

Eine  Antwort  an  Herm  Prof.  Dr.  Beegen.    8vo.    Bonn  1891; 

Zweite  Antwort  an  Herm  Prof.  Beegen  betreffend  Mnskelkraft 

nnd  Zuckerbildnng.     8vo.    Bonn  1891.  The  Anther. 

Pihl  (0.  A.  L.)     The  Stellar  Cluster  x  Persei  micrometricallj  sur- 

yejed.     4to.     GhrisHama  IS91.  The  Author. 

Bambaut  (A.  A.)     On  a  GFeometrical  Method  of  finding  the  most 

Probable  Apparent  Orbit  of  a  Double  Star.    8vo.    Dublin  1891. 

The  Author. 
Seal  (B.)    A  Memoir  on  the  Coefficients  of  Numbers,  being  a  Chapter 

in  the  Theory  of  Numbers.     8vo.     Calcutta  1891. 

The  Author. 
Stourdza  (Prince  Grigori)     Les  Lois  Fondamentales  de  TUnivers. 

8vo.    Paris  1891.  The  Author. 


November  30, 1891. 

ANNIVERSARY  MEETING. 

Sir  WILLIAM  THOMSON,  D.C.L.,  LL.D.,  President^  in  the  Chair. 

The  Report  of  the  Auditors  of  the  Treasurer's  Accounts,  on  the  part 
of  the  Society,  was  presented,  by  which  it  appears  that  the  total 
receipts  on  the  General  Account  during  the  past  year,  including 
balances  carried  from  the  preceding  year  and  repayment  of  a  mortgage 
loan  of  £15,000,  amount  to  £22,433  7«.  Sd.  on  the  General  Account, 
and  that  the  total  receipts  on  account  of  Trust  Funds,  including 
balances  carried  from  the  preceding  year,  amount  to  £6,096  129.  lOd. 
The  total  expenditure  for  the  same  period,  including  investments, 
amounts  to  £21,391  95. 9d.  on  the  General  Account,  and  £2,340  9^.  lid. 
on  account  of  Trust  Funds,  leaving  a  balance  on  the  General  Account 
of  £1,022  55.  &L  at  the  bankers',  and  £19  II5.  lOd.  in  the  hands  of  the 
Treasurer,  and,  on  account  of  Trust  Funds,  a  balance  at  the  bankers' 
of  £3,756  25.  Hi 

The  tbanka  of  the  Society  were  vote&  to  \^i<^  ^^SLTeASFox^t  «3i^  Axiditoni 
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The  Secrefcarj  then  read  the  following  Lists  : — 

Fellows  deceased  since  the  last  Anniversary  (Dec.  1, 1890). 

On  the  Home  LisL 


Balfoar,  Thomas  Graham,  M.D. 
Brady,  Henry  Bowman,  F.G.S. 
Carpenter,  Philip  Herbert,  D.So. 
Casey,  John,  M.B.I. A. 
Croll,  James,  LL.D. 
Duncan,  Peter  Martin,  F.G.S. 
Granville,  George  Leveson  Gower, 

Eai-1,  K.G. 
Sawkshaw,  Sir  John,  M.I.C.E. 


Howett,  Sip  Prescott  Gardner, 
Bart.,  F.R.C.S. 

JefEery,  Henry  Mai^tyn,  M.A. 

Jones,  Thomas  Wharton,  F.R.C.S. 

Marshall,  John,  F.R.C.S. 

Moseley,  Henry  Nottidge,  M.A. 

Smith,  Rt.  Hon.  William  Henry. 

York,  His  Grace  William  Thom- 
son, Archbishop  of,  D.D. 


On  the  Foreign  List. 

Becqnerel,  Edmond. 
NUgeli,  Carl  Wilhelm  von. 
Weber,  Wilhelm  Ednard. 


Fellows  elected  since  the  last  Anniversary. 


^\nderson,  William. 

Xkiwer,   Prof.   Frederick    Orpen, 

D.Sc. 
Conroy,  Sir  John,  Bart.,  M.A. 
Oonningham,  Prof.  Daniel  John, 

M.D. 
Dawson,  George  Mercer,  D.Sc. 
Elliott,  Edwin  Bailey,  M.A. 
IVankland,  Prof.  Pefcy  Faraday, 

B.Sc 
Gilchrist,  Percy  Carlyle. 
Halliburton,  WilHam  Dobinson, 

M.D. 


Hannen,  Right  Hon.  James,  Lord, 

D.C.L. 
Heaviside,  Oliver. 
Jackson,    Right     Hon.    William 

Lawies. 
Marr,  John  Edward,  M.A. 
Mond,  Ludwig. 
Shaw,  William  Xapier,  M.A. 
Thompson,     Professor     Silvanus 

Phillips,  D.Sc. 
Tizard,  Captain  Thomas  Henry, 

R.N. 


On  the  Foreign  List. 


Agassiz,  Alexander. 
Gould,  Benjamin  Apthorp. 


Strasburger,  Eduard. 
Tacchini,  Pietro. 


The  President  then  addressed  the  Society  as  follows : — 

Since  the  last  Anniversary  Meeting  the  Royal  Society  have  lost 
fifteen  of  their  Fellows  and  three  Foreign  Members. 

James  Croll,  who  died  on  the  15th  of  December,  ^t  l\v^  ^\gb  ^^ 
Bixty-nine,  presented  in  bis  lite  a  rare  case  oi  iniboru  i^\)iB!S^.ot\^  i^'c 
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philosopliy  and  science  conquering  all  obstacles  and  attaining  to  the 
object  of  life-long  devotion  to  scientific  research  and  philosopbical 
speculation.     Dependent  wholly  on  his  own  work  for  his  support,  he 
commenced  earning  a  livelihood  as  a  beginner  in  a  merchant's  office ; 
and  with  his  ability  he  might,  no  doubt,  have  earned  promotion  and 
become    a    successful    merchant.     But    the    superior  attraction  of 
philosophy  prevailed,  and  he  wrote  a  book  on  the  *  The  Philosophy  of 
Theism,'  which  was  published  in  a  large  octavo  volume,  I  believe 
while  he  was  still  working  in  the  merchant's  office.     After  being  one 
out  of  about  seventy  unsuccessful  candidates  for  the  post  of  Under- 
Keeper  of  the  Hunterian  Museum  of  the  University  of  Glasgow,  he 
was  appointed  in  1859  to  the  post  of  Janitor  of  Anderson's  College, 
Glasgow.    About  this  time  the  Geological  Society  of  Glasgow  was 
founded,  and  became  the  centre  of  an  active  company  of  geologists, 
who  took  up  the  stndy  of  the  traces  of  the  Glacial  period,  so  striking 
and  abundant  in  the  West  of  Scotland.    GroU  and  his  successf  al  com- 
petitor for  the  University  post,  John  Young,  both  of   them  with 
characteristic  ardour,  threw  themselves  into  the  work  of  geology. 
Croll,  according  to  his  peculiar  bent  of  mind,  was  drawn  chiefly  into 
the  more  speculative  lines  of  geological  inquiry,  and  in  1864  pub- 
lished his  essay  on  *  The  Physical  Cause  of  the  Changes  of  Climate 
during  the  Glacial  Epoch,'  which  deservedly  gained  the  careful  con- 
sideration both  of  geologists  and  of  astronomers.     This  speculation 
undoubtedly  presented  a  vera  causa  for  some  of  the  changes  of  climate  * 
which  have  occurred  in  geological  history,  although  we  can  scarcely 
consider  it  adequate  to  be  so   powerful  and  exclusive  a  factor  as 
Croll  endeavoured  to  make  it.     His  vigorous  dispute  with  Carpenter 
regarding    oceanic    circulation    rightly   enforced    attention    to    the 
importance  of  wind  as  the  prime  mover  of  some  of  the  great  ocean 
currents,  but  did  not  overthrow  Carpenter's  very  important  views 
regarding  the  effects  of  heat,  according  to  which  differences  of  tem- 
perature in  the  water  itself  in  different  regions  and  at  different  depths 
have  paramount  efficacy  in  producing  some  of  the  great  oceanic  cir- 
culations.    After  serving  for  eight  years  as  Janitor  in  Anderson's 
College,  Glasgow,  Croll  was  selected  by  Sir  Archibald  Geikio  to  take 
charge  of  the  maps  and  correspondence  of  the  Geological  Survey  in 
Edinburgh.     But,  according  to  rule,  he  must  be  examined,  and  the 
Civil  Service  examiners  plucked  him  in  arithmetic  and  English  com- 
position.    On  the  strong  urgency  of  Sir  Roderick  Murchison  (who 
asked  me,  from  my  personal  knowledge  of  Croll,  to  wHte  a  statement 
of  my  opinion  regarding  his  qualifications),  the  Civil  Service  Com- 
missioners, with  a  wisely  liberal  relaxation  of  their  rules,  accepted 
his  great  calculations  regarding  the  eccentricity  of  the  earth's  orbit 
and  the  preceasion  of  the  equinoxes  during  the  last  ten  million  years 
as  snMcient  evidence  of  his  arlttnneWcaV  cjc^^^cW^  ,  wd.^  V\a  >owiV  ^Ti. 
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*  The  Philosopliy  of  Theism '  and  numerous  papers  puhlished  in 
scientific  journals  as  proof  of  his  ability  to  write  good  English.  He  was, 
thez-efore,  allowed  to  receive  the  appointment  in  the  Geological  Survey 
in  Edinburgh,  though  he  had  failed  to  pass  the  qualifying  examina- 
tion. During  the  rest  of  his  life  he  was  thus  kept  in  relation  with 
the  great  practical  work  of  the  Geological  Survey  in  Scotland,  and 
was  allowed  time  to  devote  himself  to  speculative  study  and  writing 
in  geological  physics,  astronomy,  and  philosophy.  During  the  last 
year  of  his  life  he  sent  to  press  his  last  work,  published  a  few  weeks 
before  his  death,  entitled  '  The  Philosophical  Basis  of  Evolution.' 

The  bitter  winter  of  1891  severely  tried  the  health  of  many  dis- 
tinguished men.  During  the  first  seventeen  days  of  January  the 
Hoyal  Society  lost  four  Fellows. 

John  Marshall  was  Professor  of  Anatomy  to  the  Royal  Academy, 
and,  as  representative  of  the  Royal  College  of  Surgeons,  President  of 
the  General  Medical  Council.  His  contributions  to  surgical  litera- 
ture, though  not  numerous,  were  considered  of  high  value  by  those 
able  to  judge.     He  died,  on  the  1st  January,  at  the  age  of  seventy-two. 

Dr.  Casey,  Fellow  of  the  Royal  University  of  Ireland,  distinguished 
as  a  mathematician,  was  corresponding  member  of  several  scientific 
societies,  and  author  of  historical  and  elementary  works  on  various 
branches  of  mathematics.  He  was  in  vigorous  health  until  a  short 
time  before  his  death,  when  he  was  seized  with  bronchitis.  He  died, 
ou  January  3rd,  at  the  age  of  seventy. 

Dr.  Brady's  scientific  reputation  was  mainly  connected  with  his 
researches  on  the  Rhizopoda  and  'other  minute  forms  of  Invertebrate 
life.  On  these  he  published  many  memoirs  of  great  value,  by  which 
knowledge  was  largely  advanced.  He  was  a  Fellow  of  the  Royal 
Society,  the  Linnean  Society,  and  the  Geological  Society ;  and  corre- 
sponding member  of  several  foreign  scientific  bodies.  He  died,  on 
January  10th,  at  the  age  of  fifty-six.  He  bequeathed  to  the  Royal 
Society  all  his  books  and  papers  relating  to  the  Protozoa,  with  an 
additional  benefaction  to  which  I  shall  refer  later. 

Dr.  Graham  Balfour  was  Surgeon- General  to  the  Army  and 
Honorary  Physician  to  the  Queen,  and  President  of  the  Royal  Statis- 
tical Society.     He  died,  on  January  17th,  at  the  age  of  sixty-eight. 

Dr.  Peter  Martin  Duncan,  Professor  of  Geology  in  King's  College, 
was  well  known,  not  only  as  a  geologist  who  devoted  himself  especi- 
ally to  the  study  of  fossil  Corals  and  Echinoderms,  and  added  greatly 
to  knowledge  by  his  valuable  published  memoirs  on  that  subject,  but 
also  as  a  popular  exponent  of  geology  and  zoology  and  an  author  and 
editor  of  works  extending  through  the  whole  range  of  natural 
history.  One  great  result  of  his  work  was  a  popular  '  Natural 
History,'  in  six  quarto  volumes,  brought  out  "betweeu  \Xvft  -^^wi^'SSl^ 
and  1868,  written  hy  able  specialists,  on  a  coiapTeheT^v^^  ^iMi\>3A«t 
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his  own  direction,  and  containing  many  articles  written  by  himself. 
He  died,  on  May  29th,  at  the  age  of  sixty-seven. 

Sir  John  HawkshaW  was  nndonbtedly  one  of  the  greatest  engineers 
of  this  centnry.  At  the  age  of  twenty-one  he  was  appointed  to 
take  charge  of  important  mining  works  in  Yeneznela,  where  he 
remained  for  three  years,  chiefly  occupied  in  improving  the  naviga- 
tion of  the  River  Aroa  for  flat-bottomed  boats  employed  to  carry 
away  the  produce  of  the  St.  Felipe  copper  mines.  Repeated  attacks 
of  fever  and  ague  compelled  him  to  return  to  England,  but  not  until 
after  many  of  the  English  miners  employed  under  him,  chiefly  picked 
men  from  Cornwall,  and  several  of  the  medical  attendants  of  the 
station,  had  died  from  the  efEects  of  the  unhealthy  climate.  The 
house  in  which  he  lived  at  the  mines  still  exists,  and  bears  his  name. 
Soon  after  he  left,  all  its  inhabitants  were  murdered;  and  it  has 
remained  uninhabited  ever  since.  From  his  return  to  England  in 
1834  until  a  few  years  before  his  death  Hawkshaw  was  successfully 
occupied  in  the  design,  and  in  superintendence  of  the  execution,  of 
great  engineering  works ;  and  in  advising  the  Gk)vernment,  muni- 
cipal corporations,  and  other  public  bodies,  upon  every  variety  of 
engineering  questions.  He  early  made  his  mark  in  engineering 
science  and  practice  in  respect  to  two  important  questions.  In  1838  ' 
he  reported  to  the  Great  Western  Railway  Company  strongly  against 
maintaining  their  broad  gauge,  and  advocated  a  uniform  gauge 
throughout  the  country ;  a  few  yeai's  later,  in  a  keen  contest  of 
opinion  against  Robert  Stephenson,  he  urged  the  practicability  and 
advantageousness  of  introducing  steeper  gradients.  The  soundness 
of  his  views  on  both  these  questions  is  now  generally  admitted  :  and 
the  introduction  of  steeper  gradients,  in  consequence  of  his  advocacy, 
led  to  a  rapid  extension  of  railways  in  all  parts  of  the  world.  He 
was  President  of  the  Institution  of  Civil  Engineers,  18G2-63,  and 
President  of  the  British  Association  at  Bristol  in  1875.  He  died,  on 
June  2nd,  at  the  age  of  eighty. 

Sir  Prescott  Gardner  Hewett  was  Pi*ofessor  of  Human  Anatomy 
and  Surgery  in  the  College  of  Surgeons ;  and  became  President  of  the 
College  as  successor  to  Sir  James  Paget  in  1883.  Ho  won  high 
reputation,  also,  as  an  artist.  Even  while  most  occupied  in  his 
arduous  profession  as  a  surgeon,  he  took  recreation  in  painting  and 
drawing  with  a  persevering  zeal  and  a  high  degi^ee  of  success  rare 
among  amateurs.  He  died  on  the  19th  of  June,  at  the  age  of  seventy- 
nine. 

Dr.  Philip  Herbert  Carpenter  was  a  member  of  the  scientific  stafF 

of  the  deep-sea  exploring  expeditions  of  Her  Majesty's  steamships 

"  Lightning ''  (1868)  and  "  Porcupine  "  (1869-70)  ;  and  in  1875  he 

was  appointed  Assistant  Naturalist  to  Her  Majesty's  ship  "  Valor- 

ons/'  which  accompanied  Sir  G.  IS  area'  Aic\ivG  ftx^^^\\.\cvYv  ^  Disco 
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Ldand,  and  spent  the  summer  sounding  and  dredging  in  Davis  Strait 
and  the  North  Atlantic.     He  devoted  himself  continuonslj-,  from 

1875,  to  studying  the  morphology  of  the  Echinoderms,  more  par- 
ticnlarly  of  the  Grinoids,  hoth  recent  and  fossil.  He  wrote  numerous 
papers,  which  were  published  in  the  Transactions  of  the  Boyal 
Socieiy  and  of  the  Linnean  and  Geological  Societies.  In  1883  he 
was  awarded  the  Lyell  Fund  by  the  Geological  Society  of  London,  in 
recognition  of  the  value  of  his  work,  and  in  1885  was  elected  a  Fellow 
of  the  Koyal  Society.  In  1877  he  was  appointed  Assistant-Master  at 
Eton,  especially  charged  with  the  teaching  of  biology,  and  held  this 
post  till  his  death,  on  the  2l8t  October,  at  the  age  of  thirty-nine. 

Dr.  Henry  Moseley,  Liuacre  Professor  of  Human  and  Comparative 
Anatomy  in  the  University  of  Oxford,  one  of  the  eminent  naturalists 
of  the  '^  Challenger "  expedition,  who  served  on  board  the  '^  Chal- 
lenger "  during  the  entire  voyage  round  the  world,  from  1872  till 

1876,  died  on  the  10th  of  this  month,  at  the  age  of  forty-six.  He  was 
author  of  many  important  papers  in  various  branches  of  natural 
history,  chiefly  comparative  anatomy  and  marine  zoology. 

Henry  Martyn  Jeffery,  after  taking  high  places  in  the  Mathematical 
and  Classical  Triposes  at  Cambridge  in  1849,  commenced  professional 
life  as  Lecturer  in  the  College  of  Civil  Engineers  in  Putney ;  and 
in  later  years  continued  it  as  Headmaster  of  Pate's  Grammar  School, 
Cheltenham,  until  he  retired  in  1882.  As  a  teacher  he  was  largely 
occupied  with  classics,  but  his  favourite  study  was  mathematics,  and 
he  is  well  known  as  the  author  of  a  long  and  continuous  series  of 
papers  on  subjects  of  pure  mathematics  which  have  been  published 
in  the  'Quarterly  Journal  of  Mathematics,'  the  'Journal  of  the 
liondon  Mathematical  Society,'  and  the  'Reports  of  the  British 
Association.'  He  was  actively  occupied  to  the  last  with  mathematical 
work  and  in  the  preparation  of  a  text-book  on  his  favourite  mathe- 
maidcal  subjects.  He  died,  on  the  3rd  of  November,  at  the  age  of 
sixty-six. 

Thomas  Wharton  Jones,  a  distinguished  physiologist,  died  on  the 
7th  of  this  month,  at  nearly  eighty  years  of  age.  Professor  Huxley 
was  one  of  his  pupils  forty  years  ago  and  gives  bright  and  pleasant 
reminiscences  of  intercourse  with  his  "  old  master." 

Three  distinguished  men  occupying  high  positions  in  the  State, 
Fellows  of  the  Boyal  Society,  his  Grace  William  Thomson,  D.D., 
Ijordr  Archbishop  of  York ;  the  Bight  Honourable  George  Leveson- 
Gower,  K.G.9  Earl  of  Granville ;  and  the  Bight  Honourable  William 
Henry  Smith,  M.P. ;  died  during  the  past  year  at  the  ages  of  seventy- 
two,  seventysix,  and  sixty-six. 

The  career  of  Carl  Wilhelm  von  Nageli,  of  Munich,  daring  fifty 
years  of  most  active  and  fertile  scientific  work,  is  oi  «^Q^\di  \XL\ftt«ex 
Jai  Hhehmtorj'  of  botany  and  oi  biological  speculation.   ^^  n<i%&  ^eteX^^ 
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Foreign  Member  of  the  Royal  Society  in  1881,  and  died  on  the  10th 
of  May,  1891,  at  the  age  of  seventy-four. 

The  name  of  Becqnerel  has  been  famons  in  science  since  the  days 
of  Biot,  Davy,  De  La  Rive,  Faraday,  Ampere,  and  Arago.  I  well 
remember  going  to  the  Jardin  des  Plantes,  in  Paris,  in  Jannary 
1845,  with  an  introduction  from  Professor  James  Forbes  to  Antoine 
C^sar  Becquerel,  who,  even  at  that  remote  time,  was  a  veteran  in 
physical  science ;  and  finding  him  in  his  laboratory  there,  assisted 
in  work  regarding  electrolytically  deposited  films  on  polished 
metallic  surfaces  and  their  colours,  by  his  son  Edmond,  a  bright 
young  man  who  had  already  commenced  following  his  father's 
example  as  an  active  worker  in  experimental  physics.  He  had  been 
associated  in  1839  with  his  father  and  the  still  older  veteran,  Biot,  in 
experiments  on  phosphorescence  produced  by  electric  currents,  a 
subject  the  profound  importance  of  which  is  more  appreciated  now 
than  it  was  then.  Through  fifty  years  of  active  and  fruitful  work  in 
many  departments  of  physical  science,  that  subject  of  phosphor- 
escence remained  a  speciality  with  Edmond  Becquerel ;  and  his  son 
Henri,  who  survives  him,  has,  in  his  turn,  taken  it  up  and  given  im- 
portant contributions  to  knowledge  regarding  it.  Edmond  Becquerel 
was  elected  Foreign  Member  of  the  Royal  Society  in  1888,  and  died 
on  the  11th  of  May,  1891,  at  the  age  of  seventy-one. 

Wilhelm  Eduard  Weber,  of  Gottingen,  the  second  of  three  sons  of 
Michael  Weber  (Professor  of  Positive  Divinity  at  the  beginning  of 
this  century  in  Wittenberg),  of  whom  two  were  Foreigfu  Members  of 
the  Royal  Society  and  all  three  active  workers  for  the  advancement 
of  natural  knowledge,  was  elected  Foreign  Member  of  the  Royal  Society 
in  1850,  and  died  on  the  24th  of  June,  1891,  at  the  age  of  eighty-seven. 
He  was  colleague  of  Gauss  in  the  great  work  on  magnetic  measure- 
ment and  on  terrestrial  magnetism  of  which  they  gave  fruits  to  the 
world  in  the  '  Resultate  aus  den  Beobachtungen  des  Magnetischen 
Vereins.'  The  system  of  absolute  measurement  which  Gauss  intro- 
duced for  magnetism  in  general,  and  applied  practically  to  terrestrial 
magnetism,  was  nobly  followed  up  by  Weber,  in  extending  it  to 
electromagnetism  and  electrostatics,  a  truly  epoch-making  work  in 
physical  science.  On  it  is  founded  the  splendidly  valuable  system  of 
practical  measurement,  in  absolute  units,  of  electric  resistance,  of 
electromotive-force,  and  of  electric  current,  which,  after  a  first  intro- 
duction into  this  country  in  the  year  1851,  and  a  forty  years' 
struggle,  has,  since  the  last  Anniversary  Meeting  of  the  Royal 
Society,  become  definitively  legalised  for  England  through  the  action 
of  the  Board  of  Trade,  advised  by  a  Committee  to  which  the  Royal 
Society,  the  British  Association,  and  the  Institution  of  Electrical 
En^gineers  were  invited  to  send,  and  sent,  representatives. 

The  Royal  Socieij^  since  the  last  AnnW^T^ar^  '^^^^Kii^^V'Nq^VsfiiQXL, 
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as  always,  active  botli  in  the  proceedings  of  their  ordinary  meetings, 
which  have  been  full  of  scientific  interest,  and  in  the  conduct  of  the 
important  affairs  committed  to  their  ConnciL  Daring  the  past  year 
nineteen  memoirs  have  been  published  in  the  '  Philosophical  Trans- 
actions/ containing  a  total  of  1020  pages  and  60  plates.  Of  the 
*  Proceedings,'  six  numbers  have  been  issued,  containing  893  pages. 
Of  the  large  number  of  papers  which  have  been  published  in  the 
'  Proceedings '  two-thirds  are  on  the  physics  and  dynamics  of  dead 
matter  and  one-third  on  biological  subjects. 

As  stated  by  Sir  George  Stokes  in  his  Presidential  Address  at  the 
last  Anniversary  Meeting,  a  revision  of  the  whole  body  of  the  Statutes 
of  the  Royal  Society  had  been  entered  upon,  a  Committee  had 
recently  reported  to  the  Council,  and  their  report  had  been  left  to  the 
new  Council  then  entering  on  office  to  take  such  action  in  the  matter 
as  might  be  judged  proper.  The  Council  now  concluding  their  term  of 
office  have  accordingly  given  much  time  to  the  subject,  and  have  com- 
pleted the  work  of  re-enacting  the  Statutes  with  such  amendments 
as  have  seemed  desirable.  The  only  questions  upon  which  there  was 
effective  difference  of  opinion  were  those  connected  with  the  election 
of  Fellows,  which  were  referred  to  by  Sir  George  Stokes  as  having 
elicited  considerable  difference  of  opinion  in  the  reporting  Committee. 
The  Council,  after  much  anxious  considei*ation,  resolved  to  make  no 
change  of  the  existing  Statutes  in  this  respect. 

There  have  been  no  changes  during  the  past  session  in  the  constitu- 
tion of  the  staff  employed  in  the  Offices  and  Library;  but  in  the 
Catalogue  Department,  two  lady  assistants  and  two  copyists  have 
been  engaged  to  work  under  the  superintendence  of  Miss  Chambers, 
who  succeeded  in  July  of  last  year  to  the  post  rendered  vacant  by  the 
death  of  the  late  Mr.  Holt,  and  who  continues  to  give  every  satisfac- 
tion in  the  discharge  of  her  duties. 

In  January  of  the  present  year  a  communication  was  received  from 
our  Fellow  Professor  G.  S.  Brady,  intimating  that  his  brother,  the 
late  Mr.  Henry  Bowman  Brady,  whose  decease  I  have  already  men- 
tioned, had  bequeathed  to  the  Society  all  his  books  and  papers  relating 
to  the  Protozoa,  with  the  recommendation  that  they  should  be  kept 
together  as  a  distinct  collection.  In  case  this  recommendation  should 
be  adopted,  a  further  bequest  of  £300  was  made,  the  interest  of 
principal  or  both  to  be  applied,  at  the  discretion  of  the  Council,  to  the 
purchase  of  works  on  the  same  or  kindred  subjects,  to  be  added  to  the 
collection.  The  Council  have  accepted  both  these  bequests,  and  a 
case  marked  with  an  engraved  plate  has  been  set  aside  in  the  Library 
for  the  accommodation  of  the  Brady  collection. 

His  Excellency  Robert  Halliday  Gunning,  M.D.,  LL.D.,  F.R.S.E., 
who  in  1887  founded  certain  scholarships  and  prizes,  called  the 
Victoria  Jubilee  Prizes,  for  the  promotion  of  original  ^\eiL\iv^'5i  '^^^ 
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and  proficiency  in  scientific  edncation  in  connection  with  the  Rojal 
Society  of  Edinburgh,  the  University  of  Edinhargh,  and  other 
institutions  in  that  city,  desires  to  institute  foundations  of  a 
similar  kind  in  London.  He  has  accordingly  given  to  the  Royal 
Society  a  sum  of  £1000,  to  be  ultimately  invested  in  such  manner 
as  the  President  and  Council,  in  their  absolute  and  uncontrolled 
discretion,  may  think  fit,  and  to  be  held  in  trast  always  for  the 
purpose  of  forming  a  fund  the  annual  income  of  which  shall  be 
applied  triennially  towards  the  promotion  of  physical  science  and 
biology  in  such  manner  as  to  the  President  and  Council  of  the  Royal 
Society  may  appear  most  desirable.  The  President  and  Council,  for 
the  time  being,  are  given  full  power  to  make  such  rules  and  regula- 
tions as  they  think  fit  with  regard  to  the  application  of  the  income  of 
the  fund,  which  ^'  shall  always  be  kept  distinct  from  and  not  in  any 
way  immixed  with  the  general  funds  of  the  Royal  Society." 

A  very  important  resolution  for  the  advancement  of  natural 
knowledge  has  been  adopted  during  the  past  year  by  the  Royal  Com- 
missioners of  the  Exhibition  of  1851,  in  the  institution  of  the  Exhibi- 
tion Science  Scholarships,  to  which,  after  the  first  year,  an  expenditure 
to  the  extent  of  £5,000  a  year  is  to  be  devoted.  Sixteen  appoint- 
ments have  already  been  made  to  scholarships  of  £150,  to  be  held  for 
two  years,  with  possible  renewal  for  a  third  year.  The  Commisaioners 
require  of  each  candidate  for  an  appointment  satisfactory  evidence  of 
proficiency  in.  a  three  years'  course  of  University  or  high  class  College 
study,  and  of  capacity  for  experimental  work.  To  the  tenure  of  each 
scholarship  the  duty  is  assigned  of  advancing  science  by  experimental 
work  in  physics,  mechanics,  chemistry,  or  any  application  of  science 
tending  to  benefit  our  national  industries. 

A  Committee  of  the  British  Association  appointed  for  the  purpose 
of  reporting  on  the  best  means  of  comparing  and  reducing  observa- 
tions on  teri'estrial  magnetism  has  strongly  recommended  the  re- 
establishment  of  a  magnetic  observatory  at  the  Cape  of  Good  Hope. 
A  conference  on  the  subject  was  held  between  the  Committee  and  Dr. 
Gill,  the  Astronomer  Royal  of  the  Cape  of  Good  Hope,  last  June, 
during  his  recent  visit  to  England,  which  has  resulted  in  an  application 
to  the  Admiralty  to  carry  this  recommendation  into  practical  effect 
in  connection  with  the  astronomical  observatory  of  the  Cap^  of  Good 
Hope  (belonging  to  the  Admiralty).  This  application  is  at  present 
under  the  consideration  of  the  Admiralty. 

A  fundamental  investigation  in  astronomy,  of  great  importance  in 
respect  to  the  primary  observational  work  of  astronomical  observa- 
tories, and  of  exceeding  interest  in  connection  with  tidal,  meteo- 
rological, and  geological  observations  and  speculations,  has  been 
definitively  entered  upon  during  the  past  year,  and  has  already  given 
suhstaniiai  results  of  a  most  promising  character.     The  International 
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Geodetic  Union,  at  its  last  meeting  in  the  autumn  of  1890,  on  the 
znotion  of  Professor  Foerster,  of  Berlin,  resolved  to  send  an  astro- 
nomical expedition  to  Honolulu,  which  is  within  9^  of  the  opposite 
meridian  to  Berlin  (171°  west  from  Berlin),  for  the  purpose  of  making 
a  twelve  months*  series  of  observations  on  latitude  corresponding  to 
twelve  months'  analogous  observations  to  be  made  in  the  Boyal 
Observatory,  Berlin.  Accordingly  Dr.  Marcuse  went  from  Berlin, 
and,  along  with  Mr.  Prdston  sent  by  the  Coast  and  Geodetic  Survey 
Department  of  the  United  States,  began  making  latitude  observations 
in  Honolulu  about  the  beginning  of  June.  In  a  letter  from  Professor 
Foerster,  received  a  few  weeks  ago,  he  tells  me  that  he  has  already 
received  from  Honolulu  a  first  instalment  of  several  hundred  deter- 
minations of  latitude,  made  during  a  first  three  months  of  the  pro- 
posed year  of  observations ;  and  that,  in  comparing  these  results 
with  the  corresponding  results  of  the  Berlin  Observatory,  he  finds 
beyond  doubt  that  in  these  three  months  the  latitude  increased  in 
Berlin  by  one-third  of  a  second  and  decreased  in  Honolulu  by  almost 
exactly  the  same  amount.  Thus,  we  have  decisive  demonstration 
that  motion,  relatively  to  the  Earth,  of  the  Earth's  instantaneous  axis 
of  rotation,  is  the  cause  of  variations  of  latitude  which  had  been 
observed  in  Berlin,  Greenwich,  and  other  great  observatories,  and 
which  could  not  be  wholly  attributed  to  errors  of  observation.  This, 
Professor  Foerster  remarks,  gives  observational  proof  of  a  dynamical 
conclusion  contained  in  my  Presidential  Address  to  Section  A  of  the 
British  Association,  at  Glasgow,  in  1876,  to  the  effect  that  irregular 
movements  of  the  Earth's  axis  to  the  extent  of  half  a  second  may  be 
produced  by  the  temporary  changes  of  sea-level  due  to  meteorological 
causes. 

It  is  proposed  that  four  permanent  stations  for  regular  and  con- 
tinued observation  of  latitude,  at  places  of  approximately  equal  lati- 
tude and  on  meridians  approximately  90°  •apart,  should  be  established 
under  the  auspices  of  the  International  Geodetic  Union.  The  reason 
for  this  is  that  a  change  in  the  instantaneous  axis  of  rotation  in  the 
direction  perpendicular  to  the  meridian  of  any  one  place  would  not 
alter  its  latitude,  but  would  alter  the  latitude  of  a  place  90°  from  it  in 
longitude  by  an  amount  equal  to  the  angular  change  of  the  position 
of  the  axis.  Thus  two  stations  in  meridians  differing  by  90°  would 
theoretically  suffice,  by  observations  of  latitude,  to  determine  the 
changes  in  the  position  of  the  instantaneous  axis;  but  differential 
results,  such  as  those  already  obtained  between  Berlin  and  Honolulu, 
differing  by  approximately  180**  in  longitude,  are  necessary  for  elimin- 
ating errors  of  observation  sufficiently  to  give  satisfactory  and  useful 
results.  It  is  to  be  hoped  that  England,  and  all  other  great  nations 
in  which  science  is  cultivated,  will  co-operate  with  the  International 
Geodetic  Union  in  this  important  work. 
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Among  the  most  interesting  scientific  events  of  the  past  year 
the  celebrafcion  of  the  100th  anniversarj  of  the  birth  of  Faraday  by 
the  two  Faraday  Lectures  in  the  Boyal  Institution  last  June.  In  the 
first  of  these,  which  was  delivered  by  Lord  Rayleigh,  nnder  the 
presidency  of  the  Prince  of  Wales,  an  old  pnpil  of  Faraday's  and  now 
Vice-Patron  of  the  Royal  Institution,  a  general  survey  of  Faraday's 
work  during  his  fif fcy-four  years*  connection  with  the  Royal  Institn- 
tion  was  given.  Naturally,  a  large  part  of  the  lecture  was  devoted  to 
magnetism  and  electricity  and  to  electro-magnetic  induction ;  but  it 
contained  also  much  that  must  have  been  surprising  to  the  audience, 
scarcely  prepared  to  be  told,  as  they  were  told  by  Lord  Rayleigh,  that 
"  Faraday's  mind  was  essentially  mathematical  in  its  qualities,"  and 
that,  particularly  in  his  acoustical  work,  he  had  made  many  very 
acute  observations  of  physical  phenomena,  of  a  kind  to  help  in  guiding 
the  mathematician  to  the  solution  of  difficult  and  highly  interesting 
problems  of  mathematical  dynamics,  and  in  some  cases  actually  to 
give  him  the  solution  surprisingly  different  from  what  might  have, 
been  expected  even  by  highly  qualified  mathematical  investigators. 

The  other  Faraaay  Lecture,  given  by  Professor  Dewar,  was  a 
splendid  realisation  of  Faraday's  anticipations  regarding  the  liquefac- 
tion of  the  "permanent  gases,"  according  to  which  no  extreme  of 
pressure  might  be  capable  of  liquefying  hydrogen  or  oxygen  at 
ordinary  temperature,  while  a.  very  moderate  pressure  might  suffice 
to  liquefy  them  if  their  temperatures  could  be  sufficiently  lowered. 
Professor  Dewar  actually  showed  liquid  oxygen  in  a  glass  tumbler, 
not  boiling  or  in  a^^taie  of  commotion  like  a  tumbler  of  soda-water, 
but  quietly  and  without  any  sensible  motion  keeping  itself  cool  by  its 
own  evaporation,  while  it  rapidly  formed  a  thick  jacket  of  hoar-frost 
on  the  outside  of  the  vessel  by  condensation  of  watery  vapour  from  the 
surrounding  atmospher^ .  The  surprise  and  delight  of  the  audience 
reached  a  climax  when  licjuid  oxygen  was  poured  from  one  open 
vessel  to  another  before  their  eyes. 

A  matter  of  great  importance  in  respect  to  the  health  of  the  com- 
munity was  submitted  to  the  Royal  Society  by  the  London  County 
Council,  in  a  letter  of  date  May  1,  1891,  asking  for  information  and 
suggesting  investigation  regarding  the  vitality  of  microscopic  patho- 
genic organisms  in  large  bodies  of  water,  such  as  rivers  which  are 
sources  of  water-supply  and  which  are  exposed  to  contamination. 
After  some  correspondence  it  was  agreed,  between  the  County  Council 
and  the  Council  of  the  Royal  Society,  to  enter  upon  an  investigation, 
the  expense  of  which  was  to  be  defrayed  partly  by  the  London  County 
Council  and  partly  by  the  Royal  Society  out  of  the  Government  Grant 
for  Scientific  Research.  When  we  consider  how  much  of  disease 
and  death  is  due  to  contaminated  water,  we  must  feel  that  it  is 
scarcely  possible  to  overestimate  the  vital  importance  of  the  pro- 
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posed  investigation.  Let  ns  hope  that  the  alliance  between  the 
London  Connty  Coancil  and  the  Royal  Society,  for  this  g^at  work, 
may  be  snccessfnl  in  bringing  out  practically  nsefnl  results. 

r 

The  President  then  presented  the  Medals  awarded  by  the  Society, 
as  follows  :— 

Professor  Stanislao  Cannizzaro  {Copley  Medal). 

Stanislao  Cannizzaro,  Senator  of  Italy,  and  Professor  of  Chemistry 
in  the  University  of  Borne,  has  rendered  invaluable  service  to  the 
philosophy  of  modem  chemical  science.  The  work  of  Avogadro,  in 
1811,  and  afterwards  that  of  Ampere,  had  already  thrown  much  light 
on  the  relative  weights  of  the  molecules  of  elementary  bodies,  and  on 
the  proportions  in  which  those  weights  enter  into  chemical  combina- 
tion. But  it  is  to  Cannizzaro  that  we  owe  the  completion  of  what 
they  had  left  unfinished.  He  pointed  out  the  all-important  difference, 
hitherto  overlooked,  between  molecular  and  atomic  weights,  and 
showed — (1)  How  the  atomic  weights  of  the  elements  contained  in  a 
volatile  compound  can  be  deduced  from  the  molecular  weights  of 
such  compounds ;  (2)  how  the  atomic  weights  of  the  elements  the 
vaponr-densities  of  whose  compounds  were  unknown  can  be  ascer- 
tained by  help  of  their  specific  heats.  By  thesid  investigations  the 
series  of  atomic  weights  of  the  elements,  the  most  important  of  all 
chemical  constants,  ani  the  relation  which  th^e  weights  bear  to  the 
molecular  weights  of  the  elements,  have  been  placed  on  the  firm  basis 
on  which  they  have  ever  since  rested.  It  is  to  Cannizzaro  that 
science  is  indebted  for  this  fundamental  discovery,  and  it  is  this 
which  it  is  proposed  to  recognise  by  the  award  of  the  Copley  MedaL 

Professor  Charles  Lapworthy  F.B,8.  (Boyal  Medal), 

Professor  Lapworth  is  the  author  of  some  of  the  most  original  and 

snggestive  papers  which  have  appeared  in  the  geological  literature  of 

this  country  for  the  last  twenty  years.     Special  reference  may  be 

made  to  his  researches  on  graptolites,  and  to  his  patient  investigation 

by  these  means  oi  the  exceedingly  complicated  structure  of  the 

Silurian  uplands  of  the  South  of  Scotland.    He  has  been  able  not 

only  to  supply  the  key  which  has  given  the  solution  of  the  sti*ati- 

graphical  difficulties  of  that  region,  but  also  to  furnish  theoretical 

geology  with  an  array  of  new  facts  from  which  to  philosophise  as  to 

the  mechanism  of  mountain-making.     Of  not  less  importance  are  his 

detailed  studies  of  the  structure  of  the  North-west  Highlands  and  his 

demonstration  of  the  true  order  of  stratigraphical  sequence  in  that 

region  of  complex  disturbance.    As  a  8tTatigrap\vA^lYi^\i9J&  ^\XAi\i&^ 

the  highest  rank,  and  he  has  likewise  made  himseVi  a.  cki^l  ^^wyoVft- 
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logical  authority  on  the  stmcture  and  distribution  of  the  Oraptolitide. 
For  some  years  past  he  has  been  engaged  in  a  laborious  study  of  the 
Silurian  and  Cambrian  rocks  of  the  middle  of  Eagland,  the  detailed 
publication  of  which  is  awaited  with  much  interest  by  geologists. 

Professor  Bucker^  F.B,8.  {Boyal  Medal). 

In  conjunction  with  Professor  Beinold,  Professor  Riicker  carried 
out  an  important  series  of  researches  (extending  over  ten  years)  on 
the. electric  resistance  and  other  physical  properties  of  liqaid  films,  in 
the  course  of  which  the  fact  was  established  that  the  black  part  of 
a  soap  film  in  equilibrium  has  a  uniform  or  nearly  uniform  thick- 
ness of  11  or  12  micromillimetres,  and  that  there  is  an  abrupt 
augmentation  across  its  border  to  a  thickness  of  about  30  or  40  nucro- 
millimetres  in  passing  to  the  coloured  portions.  This,  considered  in 
connection  with  the  well-known  sudden  opening  out  of  the  little  black 
areas  in  an  ordinary  soap-bubble,  proves  a  minimum  of  surface-tension 
for  some  thickness  between  10  and  50  micromillimetres,  which,  in  the 
ordinary  soap-bubble  unmodified  by  Reinold  and  Riicker's  electric 
current,  is  temporarily  balanced  in  virtue  of  the  abrupt  change  of 
thickness,  a  proposition  of  fundamental  importance  in  the  molecular 
theory,  implying  the  existence  of  molecular  heterogeneousness. 

In  theoretical  calculations  connected  with  the  compounding  of 
dynamos  and  motors  to  produce  constant  potential  difference,  constant 
current,  or  constant  speed,  electricians  did  not  see  their  way  to  obtain 
results  of  a  sufficiently  simple  character  to  be  of  use  in  practice,  if 
they  employed  a  function  of  the  current  which  fairly  represented  the 
magnetism.  They  were,  therefore,  compelled  to  assume  in  such 
calculations  that  the  magnetism  was  a  linear  function  of  the  current, 
although  it  was  well  known  that  this  was  very  far  from  being  true 
when  the  current  was  large.  Professor  Riicker,  however,  developed 
a  simple  method  of  attacking  such  problems,  and  showed  how  the 
magnetic  saturation  of  the  iron  might  be  taken  into  account,  and 
a  comprehensive  solution  of  the  general  problem  of  compounding 
dynamos  and  motors  obtained  in  a  workable  form.  Professor  Iluckev*s 
paper  containing  his  investigation,  and  which  will  be  found  in  the 
*  Proceedings  of  the  Physical  Society,'  is  a  most  valuable  contribution 
to  the  theory  of  direct-current  dynamos  and  motors. 

Professor  Riicker  has,  with  the  co-operation  of  Professor  Thorpe, 
completed  a  Magnetic  Survey  of  the  British  Isles  (1884-89),  which, 
independently  of  its  great  value  in  investigations  of  the  distribution 
of  the  earth's  magnetism,  and  the  changes  'to  which  it  is  subject,  is 
specially  remarkable  for  the  exhaustive  discussion  of  the  observations 
in  reference  to  regions  of  local  magnetic  disturbance,  and  their  rela- 
twn  to  the  geological  constitution  oi  ttie  eax^V^  croafc  in  the  neigh- 
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bonrhood.  Professor  Bucker  has  followed  np  this  discassion  by  a 
paper  on  "  The  Belation  between  the  Magnetic  Permeability  of  Bocks 
and  Begional  Magnetic  Disturbances,'*  read  before  the  Boyal  Society. 
The  high  estimate  that  has  been  formed  of  the  valae  of  this 
Magnetic  Survey  is  perhaps  most  easily  appreciated  from  the  very 
large  sums  that  the  Government  Grant  Committee  have  recom- 
mended should  be  contributed  to  aid  in  the  completion  of  this  work 
of  international  importance. 

Professor  Victor  Meyer  {Davy  Medal), 

Professor  Victor  Meyer,  formerly  the  successor  of  Wohler  at 
Gottingen,  and  who  now  occupies  the  chair  of  Bunsen  at  Heidel- 
berg, is  eminent  as  an  original  worker  and  discoverer  in  almost  every 
branch  of  chemical  science.  His  methods  of  determiniug  the  vapour 
densities  of  substances  have  been  of  the  greatest  service  to  chemists, 
not  only  as  convenient  and  generally  applicable  modes  of  ascertain-, 
ing  atomic  and  molecular  weights,  but  also  as  serving  to  throw  light 
on  the  molecular  constitution  of  elements  and  compounds  under 
var3ring  conditions  of  temperature  and  pressure.  A  striking  example 
of  the  value  of  these  methods  is  seen  in  their  application  by  their 
author  to  the  study  of  the  molecular  dissociation  of  the  element 
iodine — one  of  the  most  masterly  investigations  of  recent  years,  and 
which  is  universally  recognised  as  of  the  very  highest  significance 
and  importance.  Not  less  noteworthy  are  Victor  Meyer's  services  to 
organic  chemistry^  His  work  on  the  nitroso-bodies,  and  his  brilliant 
discovery  of  thiophcne,  the  initial  member  of  a  class  of  substances 
hitherto  unknown,  his  subsequent  synthetical  formation  of  it,  and 
the  remarkable  series  of  researches  on  its  derivatives,  in  part  carried 
oat  with  the  aid  of  his  pupils,  stamp  him  as  an  investigator  of 
exceptional  power  and  distinction. 

The  Statutes  relating  to  the  election  of  Council  and  Officers  were 
then  read,  and  Mr.  Crookes  and  Prof.  Meldola  having  been,  with  the 
consent  of  the  Society,  nominated  Scrutators,  the  votes  of  the  Fellows 
present  were  taken,  and  the  following  were  declared  duly  elected  as 
Council  and  Officers  for  the  ensuing  year : — 

President — Sir  William  Thomson,  D.C.L.,  LL.D. 

Treasurer. — John  Evans,  D.C.L.,  LL.D. 

J  Professor  Michael  Foster,  M.A.,  M.D. 
Secretaries.— <^^^^  Lord  Bayleigh,  M.A.,  D.C.L. 


[  Foreign  Seeretarj/. — Sir  Archibald  Geikie,  LL.D. 
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« 

Other  Members  of  the  Council. 

Captain  William  de  Wiveleslie  Abney,  C.B. ;  William  Thomas 
Blanford,  F.G.S. ;  Professor  Alexander  Cram  Brown^  D.Sc. ;  Pro* 
lessor  George  Carey  Foster,  B.A. ;  James  Whitbread  Lee  Glaisher, 
D.Sc. ;  Frederick  Dncaue  Godman,  F.L.S. ;  John  Hopkinson,  D.Sc. ; 
Professor  George  Downing  Liveing,  M.A. ;  Professor  Joseph  Norman 
Lockyer,  F.B.A.S. ;  Professor  Arthur  Milnes  Marshall,  D.Sc. ;  Philip 
Henry  Pye-Smith,  M.D. ;  William  Chandler  Roberts- Ansten,  F.C.S. ; 
Professor  Edward  Alberfc  Schafer,  M.R.C.S.;  Sir  George  Gkbriel 
Stokes,  Bart,  M.A. ;  Professor  Sydney  Howard  Vines,  M.A. ;  General 
James  Thomas  Walker,  C.B. 

The  thanks  of  the  Society  were  given  to  the  Scmtators. 
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The  following  Table  shows  the  progress  and  present  state  of  the 
Society  with  respect  to  the  number  of  Fellows  : — 


Patron 

and 

Royal. 

Foreign. 

Com- 
pounders. 

£4 

yearly. 

£3 

yearly. 

ToUL    \ 

Dec.  1,  1890      .. 
Since  Elected     . . 
Smce  Deceased  . . 

5 

•  • 

•  • 

49 

•  • 

-     3 

1G8 

-h     4 
-     6 

145 

+     1 
-     8 

150 
+  12 
-     1 

517      1 
+  17 
-  1» 

Nov.  80, 1891    .. 

5 

46 

166 

188 

161 

51 0 

Account  of  the  appropriation  of  the  sum  of  £4,000  (the  Goverri^-" 
ment  Grant)  annually  voted  by  Parliament  to  the  Roj^o- 1 
Society,  to  be  employed  in  aiding  the  advancement  o"^ 
Science  (continued  from  Vol.  XL VIII,  p.  48C). 

1890—1891. 

Prof.  Piazzi  Smyth,  for  further  Research  in  Spectroscopic 
Measurement  of  Ultra  Definition  and  Extreme  Separation, ...  7 

E.  H.  Griffiths,  for  Apparatus  i^equired  in  a  Re-determination 
of  the  Value  of  Joule's  Equivalent 5' 

A.  M.  W.  Downing,  to  determine  the  Orbit  of  the  Minor 
Planet  Flora ^^ 

Dr.  Edridge  Green,  to  ascertain  quantitatively  the  Percentage 
of  Loss  of  Light  in  cases  of  Colour-blindness  due  to  a  Shortened 
Spectrum 2* 

H.  L.  Callendar,  for  the  Manufacture  of  a  Standard  Platinum 
Thermometer,  and  the  Comparison  of  the  same  with  an  Air 
Thermometer  at  High  as  well  as  Low  Temperatures 

Prof.  J.  N.  Lockycr,  for  Observations  (chiefly  Long  Exposure 
Photographs)  of  Nebalaj,  and  of  Groups  III  and  V 12^^ 

J.  Joly,  for  Extension  of  his  Research  on  the  Specific  Heats 
of  Gases  at  Constant  Volume  to  Higher  Pressures 4C^ 

Prof.  G  H.  Darwin,  to  make  an  Abacas  with  Card  Guide 
Plates  for  the  Reduction  of  Tidal  Observations 5C^ 

J.  H.  Gray,  for  a  Determination  of  the  Thermal  Conductivity 
of  Metals 6(^ 

Carried  ioi-viwrd    £50^ 
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£ 

Brought  forward    505 

rardening  Committee  of  the  Manchester  Field- 
i'  Society,  and  Scientific  Committee  of  the  Bojal 
ral  Society,  for  an  Analysis  of  the  Air  and  Fog  of 
7  and  Salford,  and  for  further  Inquiry  into  the 
»n  of  London  Fog  and  its  EfEects  on   Cultivated 

50 

iiwan,  for  Apparatus  to  aid  in  a  Besearch  on  the 
.   Spectra  of    Copper   Salts   in   Solution,  and   the 

hich  they  undergo  on  Dilution,  Heating,  &g 25 

J,  for  the  Production  by  Photography  of  a  Map  of 

I  Solar  Spectrum,  Ac,  from  w.l.  3,000  to  10,000. ...         50 

it,  for  a  Research  on  the  circumstances  of  Impact, 

ts  Duration. •  30 

rpin,  for  Continuation  of  a  Hcsearch  on  the  Ignition 

re  Gaseous  Mixtures •         50 

V.  Jones,  for  a  further  Determination  of  the  Ohm 

hod  of  Lorenz n , 50 

Buggins,  for  the  Continuance  of  his  Work  on  the 

d  Constitution  of  the  Stars  and  Nebulas 100 

icker  and  Prof.  Thorpe,  towards  the  expense  of  a 

lurvey  of  the  United  Kingdom 600 

3.  Tingle,  for  an  Investigation  of  the  Action  of 
hereal  Salts  on  Camphor  and  other  Ketones,  with 
erence  to  the  Elucidation   of  the  Constitution  of 

15 

mar,  for  a  He-determination  of  the  Atomic  Weights 

m.  Sodium,  and  Lithium • 100 

H.  Perkin,  Jun.,  for  a  Research  on  the  Constitution 

ric,  Camphorouic,  and  allied  Acids 75 

llie,  for  a  Research  on  the  Constitutional  Formulaa 
hydracetic  Acid  ;    (2)   Meconic   and  Pyromeconic 

20 

larshall,  for  a  Research  on  the  Oxidation  of  various 

I  (Salts,  Acids,  &c.)  by  means  of  Electrolysis 25 

Pendlebury,  for  .the  Investigation  of  a  Case  of 
hcmical  Change,  namely,  that  between  Potassium 

and  Potassium  Iodide  in  presence  of  an  Acid 15 

^rker,  to  investigate  further  the  Change  of  Volume 
irs  in  the  Combination  of  Chlorine  and  Hydrogen, 
i  out  its  Cause ;  and  for  two  other  specified  Re- 
50 

Carried  forward £\^^^ 
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Brought  forward    1 

W.  A.  Shenstone,  f or  Payment  of  an  Assistant  in  investigat- 
ing (1)  the  Inflnence  of  the  Silent  Discharge  of  Electricity 
on  Gases ;  {2)  the  Conditions  of  the  Formation  of  Haloid 
Salts 

Dr.  C.  R.  A.  Wright,  for  Continuation  of  Experiments  on 
"  Ternary  Alloys/'  more  especially  those  containing  Lead  (or 
Bismuth)  and  Zinc  as  Immiscible  Metals  with  Cadmium  (or 
Antimony)  as  "  Solvent "  Metal 

Dr.  A.  W.  Bishop,  to  continue  the  Investigation  of  the  Com- 
pounds of  Camphor- aldehyde  (CnHigOa)  already  begun  in  con- 
junction with  Prof.  Claisen,  of  Munich 

Dr.  H.  G.  Colman,  for  a  Research  on  the  Action  of  Acetobutvl 
Bromide  on  Ethyl  Malonate 

Dr.  T.  R.  Marshall,  for  completing  a  Research  on  the  Con- 
stitution of  Trimethylene  Derivatives,  and  for  other  specified 
Researches 

Prof.  W.  R.  Dunstan,  for  a  Research  on  the  Action  of  Alkalies 
on  the  Nitro-paraflSns • 

S.  U.  Pickering,  for  Continuation  of  his  Research  on  the 
Nature  of  Solutions 

Dr.  F.  S.  Kipping,  for  a  Study  of  Fluorescont  Compounds. . 

H.  N.  Dickson,  for  an  Investigation  of  the  Physical  Condition 
of  the  Waters  of  the  English  Channel 

J.  Murrav,  for  further  Examination  of  the  Western  Lochs  of 
Scotland 

Western  Scotland  Marine  Flora  Committee  (per  G.  Muiray), 
for  the  Exploration  of  the  Marine  Flora  of  Western  Scotland. 

Prof.  T.  Johnson,  for  an  Investigation  of  the  Marine  Flora  of 
Ireland,  especially  the  West  and  South-west  Coasts 

J.  M.  Macfarlane,  for  a  further  Study  of  Plant  Hybrids. .  . . 

W.  T.  Thiselton  Dyer,  for  a  Collector  to  be  attached  to  the 
Sierra  Leone  Delimitation  Commission 

T.  W.  Bridge,  for  further  Investigations  into  the  Anatomy 
of  the  Teleostean  Fishes 

A.  Willey,  for  an  Investigation  of  the  Anatomy  of  Balano- 
glos82t8  {Extended  Grant,  £150 /o?*  two  years) 

Livci'pool  Marine  Biology  Committee  (per  W.  A.  Herdman), 
towards  the  Expenses  of  the  farther  Exploration  of  the  Marine 
Fauna  and  Flora  of  Liverpool  Bay 

Prof.  A.  C.  Haddon,  for  an  Investigation  on  the  Anatomy  of 
the  Actiniae  and  Corals  of  Torres  Straits 


Carrievl  ioT^tv.vd £3 
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£       s,    d. 

Brought  forward 3,350    0    0 

Dr.  D.  Sharp  (for  a  Committee),  to  report  on   the 
pr^fsent  State  of  onr  Knowledge  of  the  Sandwich  Islands, 
a33.<3.  to  investigate  ascertained  Deficiencies  in  the  Fauna      200     0     0 
AV.  Garstang,  to  obtain  material  for  working  out  the 

Bxmbryology  of  certain  Tnnicata 50    0    0 

T.    Scott,  for  Study  and   Description  of  the   Ento- 

n^ostraca  obtained  by  Mr.  Rattray  in  1886 20    0     0 

Secretary,  Royal  Society,  for  Balance  of  Account  for 
O  t>jectiYes  purchased  in  pursuance  of  a  Resolution  of 

Soard  G,  and  engraving  the  same   5  11     6 

Dr.  L.  Shore,  for  an  Investigation  of  the  Action  of 
tlxe  Epithelial  Cells  of  the  Intestinal  Mucous  Membrane 

on.  Peptone  during  Absorption   20    0    0 

Dr.  McFadyean  and  Dr.  A.  P.  Aitken,  for  a  Research 
on  the  Toxic  Substances  generated  by  the  Microbes  of 
A^nthrax,     Black-quarter,    and     Glanders,    and    on    a 

"  Ohemical  Vaccine "  for  each  of  these  Diseases 75    0    0 

C.  S.  Sherrington,  for  the  Examination  in  detail  of  the 
Amotions  and  the  Topography  of  Refiex  and  Automatic 

Cexitres  in  the  Lower  Half  of  the  Spinal  Cord,  &c 75     0     0 

Ih*of.  SchUfer,  for  (specified)  Investigations  into  the 
F'n.nctions  of  the  Central  Nervous  System  in  Monkeys 

and  Dogs   75    0    0 

^Research  Committee,  Pharmaceutical  Society  (per 
I^i^f.  W.  R.  Dunstan),  for  an  Investigation  of  the 
^Qiture  of  the  Alkaloids  contained  in  the  various  Species 

o£  Aconite   150    0    0 

G.  N.  Stewart,  for  Investigation  of  the  Vasomotor 
R'Ogulation  of  the  Circulation  in  particular  Organs  and 

Pstrts  of  the  Body    10    0    0 

Dr.  P.  F.  Frankland,  for  continuing  his  Investiga- 
^ons  on   the   Chemical    Changes    brought    about  by 

specific  Micro-organisms •  •         80    0    0 

Jj,  Hill  and  W.  M.  Bayliss,  for  a  Research  on  the 
formation  of    Heat    in  Secreting    Glands    and     the 

Iixfluence  of  the  Nervous  System  thereon 25     0     0 

H7.  Saville  Kent,  for  a  Research  on  Corals  and  Coral 

AriimalB  in  the  Fiji  Islands 100    0     0 

Prof.   D.  E.  Jones,   in  aid  of  an  Investigation   on 

•S^riaian  Vibrations * • 35     0     0 

J.  H.  Cooke  (per  J.  Murray),  in  aid  of  a  Geological 

LTCstigation  in  Malta  and  adjacent  Islands 2^0    Q    ^ 


246 


Account  of  Grants  from  the  Donation  Fund. 


Dr. 

£    9.  d. 

To  Balance,  November  30, 1890 .     460  18  8 

„   Grant  from  Treasury 4,000    0  0 

„  Bepayments   240    6  8 

„  Interest  on  Depont 56  15  6 


Cr. 

£     «.  tf. 

By  Appropriationa,  as 

above 4,290  11    S 

„  Salaries,  Printing, 
Postage,  Advertis- 
ing,  and  other  Ad- 
ministrativo  Ex- 
penses        93  15    I 

^„  Balance,    Nov.    30, 

1891  378  14    3 


£4,758    0  10 


£4,758    0  10 


Account  of  Grants  from  the  Donation  Fund  in  1890-9L 

£    s.  d^ 

Prof.  Has  well,  towards  the  Institution  of  a  Marine  Bio- 
logical Station  at  Sydney •  • 50    0    (^ 

Dr.  Sclater,  to  enahle  Gapt.  Swayne  to  procure  him 
Specimens  of  African  Antelopes 20    0    C^ 

Dr.  Woodward,  to  aid  Dr.  Forsyth-Major  in  his  Re- 
searcbes  on  Fossil  Mammalia • 50    0    O 

Dr.  Woodward,  in  aid  of  the  Publication  of  the  Re- 
searches of  Dr.  Forsyth-Major  on  Miocene  Fossil  Mammals 
of  the  Island  of  Samos .,. 100     0     O 

Prof.  Haddon,  in  aid  of  the  Publication  of  his  Ethno- 
grapliical  Researches  in  the  Torres  Straits 50    0     O 

Mr.  Carruthers,  in  aid  of  Mr.  E.  J.  Baker^s  Visit  to  tbe 
Herbaria  of  Madrid  and  Geneva 15     0      ^ 

A.  Soper,  Balance  of  the  Grant  of  £200  to  the  late 
W.  de  la  Rue  for  completing  his  Catalogue  of  Latitude  and 
Longitude  of  Solar  Spots 17  13      ^ 

£302  IS      0 
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December  10,  1891. 
Six-  WILLIAM  THOMSON,  D.G.L.,  LL.D.,  President,  in  the  Chair. 


List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

Ilie  President  announced  that  he  had  appointed  as  Yice-Presi- 

dezits — 

The  Treasurer. 

Professor  G.  0.  Poster. 

Professor  liveing. 

8ir  G.  G.  Stokes. 

The  President  read  the  followiog  Letter  from  Professor  Dewar : — 

Moyai  InstituHony 

10th  December,  1891. 
Dkar  Sib  William  Thomson, 

The  following  observation,  which  I  have  just  made,  may  interest 

&e  members  of  the  Eoyal  Society,  and  if  you  think  it  of  sufficient 

importance  you  may  announce  it  at  this  day's  meeting. 

At  3  P.M.  this  afternoon  I  placed  a  quantity  of  liquid  oxygen  in  the 

state  of  rapid  ebulliCion  in  air  (and  therefore  at  a  temperature  of 

—181**  C.)  between  the  poles  of  the  historic  Faraday  magnet,  in  a 

<^p-shaped  piece  of  rock  salt  (which  I  have  found  is  not  moistened 

hj  liquid  oxygen,  and  therefore  keeps  it  in  the  spheroidal  state),  and 

^  my  surprise  I  have  witnessed  the  liquid  oxygen,  as  soon  as  the 

ix^agrnet  was  stimulated,  suddenly  leap  up  to  the  poles  and  remain  there 

Permanently    aJttached    until  it  evaporated.     To   s^e    liquid  oxygen 

^^ddenly  attracted  by  the  magnet  is  a  very  beautiful  confirmation  of 

Our  knowledge  of  the  properties  of  gaseous  oxygen. 

Yours  faithfully. 

Jambs  Dewar. 

The  following  Papers  were  read : — 

^^  *'  On  a  Compensated  Air  Thermometer."  By  H.  L.  Callendar, 
M.A.,  Fellow  of  Trinity  College,  Cambridge.  Communi- 
cated by  Professor  J.  J.  Thomson,  F.R.S.  Received 
October  29, 1891. 

In  a  paper  which  I  had  the  honour  to  preseot  to  the  Boyal  Society 
e  four  years  Ago  "  On  the  Practical  Measurementi  oi  '^em^ct^^- 
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tare/'  *  I  described  in  detail  a  somewhat  elaborate  form  of  air  ther- 
mometer with  which  it  was  found  possible  to  attain  an  accuracy  of 
the  order  of  0*01^  G.  I  have  since  succeeded  in  oyercoming  some  of 
the  difficulties  encountered  in  that  investigation,  and  in  evolving  on 
similar  lines  a  form  of  instrument  which  is  capable  of  a  much  higher 
order  of  accuracy,  and  which  has  the  farther  advantage  that  both  the 
observations  and  the  calculations  are  immensely  simplified. 

The  standard  instrument  for  measaring  temperature  selected  hj 
Regnault  in  his  classical  researches  was  the  constant- volume  air 
thermometer.  In  my  earlier  experiments  I  employed  air  thermo- 
meters of  this  type,  but  modified  them  by  the  introduction  of  a 
Hulpharic  acid  gauge  of  small  bore  between  the  thermometric  bulb 
and  the  mercnrj  manometer.  I  was  thus  enabled  to  reduce  the 
correction  to  be  applied  for  the  small  volume  of  air  which  was  not 
exposed  to  the  temperature  to  be  measared,  and  at  the  same  time  to 
observe  small  variations  of  temperature  with  greater  accuracy. 

The  constant- volume  type  of  air  thermometer,  however,  hw 
several  disadvantages.  The  degree  of  accuracy  attainable  depends 
primarily  on  the  exact  measurement  of  pressure  by  means  of  a 
mercury  manometer.  The  observations  involved  are  slow  and 
laborious,  and  it  is  difficult,  unless  the  temperature  is  absolntelj 
steady,  to  secure  an  accuracy  of  the  order  of  a  t^nth  of  a  degree  C. 
At  high  temperatures  this  method  has  the  further  disadvantage  that 
the  bulb  is  exposed  to  variations  of  pressure,  the  effect  of  wLich  in 
altering  its  volume  cannot  be  accurately  estimated. 

For  these  and  other  reasons  I  soon  abaudoned  the  constant- vol ame 
air  thermometer  in  favour  of  the  constant- pressure  type.  The  hulb 
may  thus  be  entirely  freed  from  stress  at  high  temperatures,  and  the 
mercury  manometer  may  be  dispensed  with.  The  auxiliary  reservoir 
containing  mercury  into  which  the  air  is  allowed  to  dilate  may  he 
kept  permanently  in  melting  ice,  and  the  volume  representing  the 
dilatation  of  the  air  may  be  determined  by  weighing  the  mercury 
displaced.  This  observation  may  be  made  at  leisui'e,  and  admits  of 
very  considerable  accuracy. 

With  the  form  of  instrument  described  in  the  previous  paper,  it 
was  still  necessary  to  read  the  barometer.  These  readings  were 
found  to  be  by  far  the  greatest  source  of  uncertainty.  I  was  so  much 
impressed  with  this  in  the  course  of  some  experiments  on  the  boiling- 
point  of  sulphurj  that  I  determined  to  construct  an  instrument 
which  should  be  altogether  independent  of  the  measurement  of 
mercury  columns. 

If  the  pressure  of  the  air  enclosed,  instead  of  being  adjusted  to 

equality  with  that  of  the  atmosphere,  be  adjusted  always  to  the  same 

•  *  Phil.  Trans./  A,  18S7. 

t  '  PhU.  Trans.,'  A,  l«yi,  p.  130. 
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standard  constant  pressnre,  the  trouble  of  reading  the  barometer  will 
be  saved,  and  tbe  calculations  will  be  considerably  simplified.  The 
simplest,  and  at  tbe  same  time  the  most  accarate,  method  of  securing  a 
standard  constant  pressure  is  to  connect  the  outer  limb  of  the 
sulphuric  acid  gauge  to  a  glass  bulb  filled  with  air  of  suitable 
density,  and  kept  in  melting  ice,  preferably  in  the  same  receptacle 
as  the  mercury  bulb  in  which  the  dilatation  of  the  air  is  measored. 
The  pressure  in  the  thermometric  bulb  can  easily  be  adjusted  to 
equality  with  the  standard  pressure  to  within  1  or  2  mm.  of  sulphuric 
acid,  and  the  small  outstanding  difference  of  pressure  can  be  read 
quickly  and  accurately  by  means  of  a  kathetometer  microscope. 

I  set  up  an  experimental  instrament  of  this  kind  in  October,  1890, 
and  satisfied  myself  that  it  was  quite  possible  to  read  its  indications 
to  the  thousandth  part  of  a  degree  C.  at  ordinary  temperatures.  This, 
I  believe,  to  be  a  very  much>  higher  order  of  accuracy  than  has 
hitherto  been  thought  attainable  with  an  air  thermometer.  My  only 
remaining  difficulty  was  the  slight  uncertainty  as^tothe  mean  tem- 
perature of  the  connecting  tubes.  By  the  use  of  tbe  sulphuric  aoid 
gauge  it  is  possible  to  make  this  correction  comparatively  small,  but 
it  still  remains  uncertain,  and  varies  slightly  with  the  extent  of 
immersion  of  the  stem  of  the  thermometer.  It  is  also  a  rather 
troublesome  correction  to  apply,  and  complicates  all  the  calculations 
very  considerably. 

It  has  since  occurred  to  me  that  this  troublesome  and  uncertain 
correction  may  be  entirely  eliminated,  both  from  the  obser\'ations  and 
from  the  calculations,  with  this  particular  form  of  instrument,  by 
making  the  standard  pressure  bulb  communicate  with  a  set  of  con- 
necting tubes  equal  in  volume  and  similarly  situated  to  those  of  the 
thermometric  bulb  itself. 

The  method  of  determining  the  correction  to  be  applied  for  that 
part  of  the  stem  of  which  the  temperature  is  variable,  by  means  of 
a  similar  compensating  tube  placed  in  close  proximity  to  it,  has 
occasionally  been  applied  by  previous  observers.  It  was  first  em- 
ployed by  Deville  and  Troost  in  1864,  in  their  experiments  on  the 
expansion  of  porcelain  at  high  temperatures.  They  connected  the 
compensating  tube  to  a  separate  manometer,  and  by  observing  the 
pressure  or  the  amount  of  the  air  it  contained  were  enabled  to 
eliminate  tbe  term  representing  the  effect  of  the  connecting  tubes 
from  their  equations. 

Other  observers  haye  used  a  similar  device,  but,  so  far  as  I  am 
aware,  no  one  has  hitherto  noticed  that,  in  the  case  of  the  differential 
air  thermometer,  the  compensation  can  be  rendered  automatic,  so  that 
changes  of  temperature  of  the  connecting  tubes  have  no  effect  on  the 
readings,  and  need  not  be  taken  into  account  in  the  calculations. 

The  conditions  under  which  the  compensation  is  ^^t^^cX.  V\^  ^i^cv^ 
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form  of  instmraent  above  described  are  very  simple.  Tbej  are,  (1) 
that  the  two  sets  of  connecting  tnbes  should  be  of  equal  volnme  and 
at  the  same  mean  temperature ;  (2)  that  the  mass  of  air  enclosed  in 
the  standard  pressure  bulb  should  be  equal  to  that  in  the  thermo- 
metric  and  mercury  bulbs  ;  (3)  that  the  pressures  should  be  adjnsted 
to  equality. 

Let  mo  be  the  mass  of  air  in  the  standai*d  pressure  bulb  and  its 
connecting  tubes,  and  let  po  be  its  pressure.  Let  Ye  be  the  volame 
of  the  bulb,  and  Oq  its  temperature  measured  on  the  scale  of  the 
air  thermometer.  Let  v  be  the  volume  of  the  connecting  tubes,  sod 
^  their  mean  temperatuse ;  then  we  have 

where  ik  is  a  constant. 

Let  mi  be  the  mass  of  air  in  the  thermometric  and'  mercury  bollN 
and  their  connecting  tubes,  and  let  pi  be  its  pressure.  Let  Yi,  Y.  be 
the  volumes  of  the  air  in  these  bulbs  respectively  at  the  tempem- 
tnres  ^i  and  0^ ;  then  we  have  as  before 

pi  {V^lei^VmlOn'^v/e'}  =:  mik. 

If  now  we  make  tuq  =  mi,  and  jdq  =  Pu  we  have  the  equation 

The  term  vjO'  disappears  from  the  equation,  and  if  we  also  make 
Oq  =  ^a,  by  keeping  both  the  mercury  and  standard  prensure  bulbs  in 
melting  ice,  the  value  of  0i  is  accurately  given  by  the  very  simple 
expression 

e,  =  v,^V(Vo-Y«). 

It  is  convenient,  and  at  the  same  time  more  symmetrical,  to  make 
the  volume  of  the  standard  pressure  bulb  adjustable  with  mercury. 
It  is  then  possible  to  take  observations  with  the  same  thermometer  at 
different  pressures.  By  this  means,  as  explained  in  a  previous  paper,* 
we  can  investigate  with  some  accuracy  the  behaviour  of  gases  at  high 
temperatures,  and  thus  reduce  the  indications  of  the  air  thermometer 
to  the  true  scale  of  absolute  temperature. 

The  form  of  instrument  above  described  is  designed  for  the  most 
accurate  work.  For  rough  purposes,  and  especially  for  small  ranges 
of  temperature,  very  much  simpler  instruments  may  be  constructed 
on  similar  principles. 

It  is  evident,  from  an  inspection  of  the  equations  already  given, 
that  the  compenKation  is  still  suflSciently  accurate  for  rough  work, 
provided  that  the  difference  of  pressure  is  small,  and  that  the  volume 

•  •  Phil.  TrauB.;  A,  lft&7,  v  ^^^- 
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'  the  oonnecting  tubes  is  not  too  large  compared  with  that  of  the 
lib.  It  is  often  a  matter  of  gpreat  coavenience  in  have  the  thermo- 
etric  bulb  at  some  distance  from  the  indicating  apparatus,  and  not 
g^dly  connected  to  it.  Since  the  connecting  tubes  are  compensated, 
ley  may  be  made  of  considerable  length  and  of  flexible  material, 
icb  as  compo.  or  even  rubber  tubing,  without  much  loss  of 
icnracy. 

For  moderate  ranges  of  temperature,  an  auxiliary  bulb  for  measur- 
^  the  dilatation  of  the  air  and  adjusting  the  pressures  to  equality 
ay  be  dispensed  with.  The  sulphuric  acid  gauge  itself  may  be 
■aduated  to  indicate  the  difference  of  temperature  between  the  two 
libs.     In  ordinary  work,  however,  it  would  be  inconvenient  either 

keep  the  standard  bulb  always  at  the  same  temperature,  or  to  take 
s  temperatare  and  do  an  addition  sum  at  each  observation.  The 
mplest  way  of  avoiding  this  is  to  adjust  the  volume  of  the  sulphuric 
nd  in  the  pi*e8sure  gauge  so  that  its  expansion  may  compensate  for 
le  dilatation  of  the  air  in  the  standard  pressure  bulb.  This  oom- 
snsation  may  readily  be  made  sufficiently  accurate  over  the  small 
knge  of  temperature  of  the  air  of  a  workshop  or  laboratory. 

When  the  instrument  is  thus  compensated  for  changes  of  tempera- 
ire  in  the  standard  bulb,  one  tube  of  the  pressure  gauge  can  be 
raduated  directly  in  degrees  to  indicate  the  temperature  of  the 
lermometric  bulb.  The  indications  are  then  as  easy  to  read  as 
lose  of  a  mercury  thermometer.  They  are  not  affected  by  changes 
I  temperature  in  the  sarroundiug  air  or  by  variations  in  the  height 
I  the  barometer,  and  they  are  independent  of  the  length  of  stem 
nmersed.  The  range  covered  by  a  single  instrument  may  be  100°  C. 
r  more,  and  may  be  made  to  correspond  to  any  part  of  the  scale  by 
litably  adjusting  the  volumes  of  the  air  bulbs  and  tubes  of  the 
ressure  gauge. 

I  have  found  such  thermometers*  exceedingly  convenient  and 
itisfactory  for  rough  work  at  temperatures  beyond  the  range  of 
lercury  thermometers.  They  can  be  made  to  read  easily  to  the 
mth  of  a  degree  at  450**  C,  and  if  properly  compensated  their 
idications  are  very  reliable.  Such  a  degree  of  accuracy  is  amply 
ifficient  for  most  purposes,  and  the  absence  of  all  necessity  for  cal- 
ulation  or  correction  of  the  readings  is  a  very  great  advantage. 

*  Perhapf  I  ought  to  mention  that  this  direct-reading  form  of  instrument  ha« 
3en  patented,  owing  to  its  many  commercial  applications.  It  is  nuide  by  Mr.  J.  J. 
!icks,  of  Hatton  Garden,  £.C. 
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11.  **Note  on  the  Necessity  of  using. Well- Annealed  and  Homo- 
geneous Glass  for  the  Mirrors  of  Telescopes.**  By  A.  A. 
Common,  LL.D.,  F.R.S.    Received  November  18, 1891. 

In  1880  I  ordered  of  the  St.  Gobain  Glassworks,  throagh  their 
London  agent,  M.  de  Grand  Ry,  a  disk  of  glass  for  the  mirror  of  a 
5-foot  telescope.  The  limit  of  weight  imposed  by  the  manufactnrers 
permitted  a  disk  of  about  61  inches  diameter  and  5  inches  thickness ; 
this  was  made  with  a  hole  through  the  middle  of  10  inches,  in  order  to 
enable  the  telescope  to  be  used  as  a  Cassegrain  telescope  if  required. 

Not  being  in  a  position  to  begin  work  at  that  time,  the  disk  o^ 
glass  was  left  in  its  case,  standing  against  a  wall,  at  a  slight  angle^ 
till  1886,  when  it  was  put  upon  a  grinding  machine  to  be  worked  int 
a   mirror.     With  the  intention  of  acquiring  the  necessary  skill 
make  a  good  mirror,  I  intended  to  make  many  mirrors  of  this  on 
disk  by  successive  re-grinding  and  re-figuring. 

The  first  polishing  was  done  before  the  whole  surface  of  the  gla 
was  brought  down  to  a  uniform  face. 

On  inspection  by  Foucault*s  method  of  testing  at  the  centre  o: 
curvature,  the  image  of  a  round  hole  was  found  to  be  -very  elliptical 
very  little  attention  was  paid  to  this  at  the  time,  as  it  was  though 
that  subsequent  work  would  bring  all  right.     After  many  re-grind 
ings,  in   each   of   which   a  practically  new  mirror  was    made,   thi 
elliptic  appearance  of  the  image  persisted.    Local  polishing  was  trieil, 
to  improve  the  figure  of  revolution,  without  success,  in  fact  it  made 
matters  worse.     The  telescope    mounting  being  ready  in  1888,  the 
mirror  was  finished  as  well  as  possible,  and  put  into  the  telescope, 
wliere  a  star  could  be  examined,  this  not  being  possible  when  the 
mirror  was  on  the  machine  ;  for  photographic  purposes  the  mirror  was 
fair,  giving  good  stellar  images,  but  for  visual  work,  with  moderate 
powers,  the  definition  did  not  come  up  to  the  required  standard. 

It  was  of  interest  to  find  the  cause  of  this  bad  image ;  at  first  it 
was  thought  that  the  long  time  the  disk  had  stood  on  edge,  at  an 
angle,  had  caused  it ;  in  this  case  it  might  in  time  become  less ;  but, 
after  being  re-made  in  1889,  and  again  in  1890,  the  mirror  was,  if 
anything,  worse  than  before.  When  polished,  in  certain  lights  broad 
bands  of  colour,  red  and  blue,  could  be  seen  in  the  body  of  the  glass 
about  a  foot  from  the  edge  all  round,  indicating  in  my  opinion 
much  internal  tension,  pi*obably  due  to  imperfect  annealing. 

Another  disk  was  ordered  in  December,  1888,  as  soon  as  the  first 
had  been  tried  in  the  telescope.     This  second  disk  was  delivered  in 
1890  and   made    into    a  mirror,   without   showing   in   the   slightest 
manner  anv  of  tlie  defects  of  the  first. 
In  the  coiii\<c  of  tlie  work  on  l\i\s  W\.  d\^k,  ?w  discovery  was  ma 
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liat  most  probably  explains  the  cause  of  failure  of  the  first ;  in  the 
recess  of  polishing  a  certain  amount  of  heat  is  produced,  and  it  was 
Iways  the  custom  to  allow  the  mirror  to  cool  down  for  some  hours 
Bfbre  testing ;  it  was  also  always  considered  that  some  slight  change 
P  focal  length  was  caused  by  the  heat,  but  I  was  quite  nnpre^Mired, 
a  testing  the  mirror  directly  after  polishing,  in  order  to  determine 
'hat  this  cbange  amounted  to,  to  find  the  enormous  amount  thus 
rodnced.  After  two  hours  figuring  with  a  15-inch  polisher,  with 
16  face  of  harder  resin  than  usual,  so  that  the  friction  and  heat 
^ere  below  the  average  amount  in  one  polishing,  the  change  of  focal 
)ngth  was  found  to  be  4  inches,  that  is  to  say,  the  image  was  made 
inches  further  from  the  mirror  than  the  usual  place,  or  the  mirror 
ad  at  that  time  a  radius  of  curvatnre  2  inches  greater  than  the 
ormal ;  in  the  course  of  three  hours  this  had  disappeared,  and  the 
nage  was  produced  at  the  normal  place.  As  the  whole  trouble  of 
be  first  mirror  was  caused  by  opposite  diameters  of  the  same  zone 
oming  to  a  focas  in  planes  differing  by  about  ^  of  an  inch,  it  can 
asily  be  seen  that  this  may  have  been  caused  by  the  failure  of  the 
:lass  to  contract  in  a  perfect  and  regular  manner ;  in  figuring,  a 
iTge  amount  of  the  work  would  necessarily  be  done  on  the  expanded 
;lass,  and  it  is  reasonable  to  suppose  that  the  figure  thus  given 
rould  be  correct  while  the  glass  was  in  this  state,  but  that  on 
Doling,  unless  the  glass  contracted  regularly,  this  correct  figure 
ronld  be  lost. 

After  the  second  mirror  was  finished  the  first  mirror  was  re-groand, 
md  the  polishing  was  done  very  slowly,  half-an-hour  in  the  morning, 
ind  the  same  time  in  the  CYening,  with  manifest  improvement  in  the 
ignre,  but  still  without  getting  rid  of  all  the  defects. 

That  the  fault  was  in  the  glass  there  is  no  doubt ;  the  method  of 
forking  adopted  shows,  in  the  case  of  the  second  5-foot,  and  in  other 
nirrors  of  20-,  30-,  and  36-inch  mirrors,  that  a  perfect  surface  of 
'evolution  can  always  be  obtained  if  the  glass  is  good ;  unless  this 
)erfect  surface  of  revolution  is  obtained,  it  is  quite  hopeless  to  expect 
i  good  mirror. 

The  makers  could  not  re-anneal  the  first  disk,  but  they  have  under- 
Aken,  in  a  very  handsome  manner,  to  replace  it  by  a  new  one ;  this 
'.  hope  will  be  as  good  as  the  second  one  made  by  them,  which  is  as 
learly  as  possible  perfect. 
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III.  "  On  some  of  the  Properties  of  Water  and  of  Steam.**  By 
William  Rahsay,  F.R.S.,  Profeasor  of  ChemiBlry  in  Uni- 
Tersity  College,  London,  and  Sydney  Young,  Profeaaor  of 
Chemistry  in  University  College,  Bristol  Received  Novem- 
ber 5, 1891. 

(Abstract.) 

This  investigation  forms  one  of  a  series,  former  members  of  which 
refer  to  the  thermal  properties  of  ethyl  oxide  and  various  alcohols. 
Owing  to  the  high  temperature  of  the  critical  point  of  water,  the 
work  was  confined  to  comparatively  low  temperatures.  Tables  are 
gpiven  in  the  paper  of  the  orthobanc  volumes  of  liquid  water  at  tem- 
peratures between  100^  and  270^ ;  of  the  compressibility  of  water  at 
different  temperatures ;  of  the  vapour-pressures  of  water  up  to  270^ ; 
and  of  the  density  of  the  vapour  of  water  under  various  conditions  of 
temperature  and  pressure.  Regnault's  measurements  of  vapour- 
pressure  do  not  extend  beyond  220* ;  and  the  results  of  this  investi- 
gation confirm  them  in  a  remarkable  manner,  besides  amplifying 
them.  The  densities  of  the  saturated  vapour,  also,  measured 
directly,  are  nearly  identical  with  those  calculated  from  Begpmult's 
determinations  of  heats  of  vaporisation ;  but  near  the  condensing 
point  of  steam,  especially  at  low  temperatures,  the  pressure  is  too 
low,  owing  to  the  adhesion  of  water- vapour  to  glass,  which  causes 
condensation  at  pressures  below  the  vaponr-pressures.  This  neces- 
sarily renders  the  measurements  near  the  condensing  points  uncertain, 
but  the  numbers  calculated  from  Regnault's  results  give  volunies  for 
saturated  steam  agreeing  sufficiently  well  with  those  obtained  by 
direct  measurements  at  volumes  somewhat  larger  than  those  of  the 
saturated  vapour.  It  is  probable  that  the  real  isochoric  lines  for 
water  show  a  linear  relation  between  temperature  and  pressure ;  but, 
owing  to  the  circumstance  mentioned,  they  deviate  from  rectilinearity 
near  the  condensing- points  of  the  vapour. 

IV.  "On  Hindoo  Astronomy."  By  W.  Brennand.  Communi- 
cated by  C.  B.  Clarke,  F.R.S.  Received  November  10, 
1891. 

(Abstract.) 

Introduction. — Gives  a  short  history  of  Indian  astronomy,  as  known 
in  Europe  in  the  last  century. 

Treats  of  Indian  astix)nomical  aeras,  and  gives  some  account  of  the 
Siildhantas  and  their  authors,  &c. 

Knds  with  an  investigation  of  the  great  number  called  the  Kalpa, 
of  1,^20,000,000  yesLTS,  showing  its  \X8c&  in  ^.^trouomical  calculations, 
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and  tbat  there  is  concealed  within  it,  as  a  sacred  mystery,  the  tme 
Talne  of  the  precession  of  the  Equinox. 

Chapter  L — On  the  revolutions  of  the  celestial  bodies  ;  their  mean 
sidereal  and  synodic  periods,  as  compared  with  the  same  elements 
in  modem  tables.  Mean  places  at  a  given  time.  On  the  Earth's 
diameter,  &c.  On  the  Moon's  horizontal  parallax  and  distance  from 
the  Earth. 

A  theory  deducing  the  orbits  of  the  planets  and  the  extent  of  the 
Universe,  or  Brahmanda,  irom  the  Moon's  daily  rate  of  motion  in 
her  orbit. 

Theory  regarding  the  causes  of  the  planetary  motions,  &c. 

Chapter  II. — On  trigonometrical  formulae  known  to  the  Hindoos. 
The  construction  of  their  tables  of  sines  and  versed  sines.  On  the 
epiijycle  and  its  deferent,  and  on  the  eccentric  and  concentric,  used 
for  calculating  the  "  true  "  place  of  a  planet  from  the  mean  place. 

Chapter  III, — Problems  in  astronomy,  on  time,  ascensional  difier- 
ence,  declination,  celestial  longitude,  horoscope,  <&c. 

Chapters  IV^  F,  VL — The  calculation  and  projection  of  lunar  and 
solar  eclipses. 

Conjunctions,  heliacal  risings  and  settings,  stars  of  the  Zodiac,  &c., 

The  lunisolar  year,  <fec. 

The  cycle  of  Jupiter  of  60  years. 


V.  **  Repulsion  and  Rotation  produced  by  Alternating  Electric 
Currents."  By  G.  T.  Walker,  B.A.,  B.Sc,  Fellow  of 
Trinity  College,  Cambridge,  Coramunicated  by  Prof.  J.  J. 
Thomson,  F.B.S.     Received  November  5,  1891. 

[(Abstract.) 

In  the  *  Electrical  World,'  May,  1887,  p.  268,  or  the  *  Electrical 
Engineer'  (New  York),  June,  1887,  p.  211,  "Novel  Phenomena  of 
Alternating  Currents,"  may  be  peen  an  account  of  some  experiments 
by  Professor  Elihu  Thomson  on  the  mechanical  force  between  con- 
ductors in  which  alternating  currents  are  oircalating. 

In  the  case  of  a  ring  of  metal  in  the  presence  of  an  electromagnet, 
in  the  coils  of  which  an  alternating  current  is  passing,  a  force  of 
repulsion  is  experienced  by  the  ring,  which  may  be  explained  as 
follows : — 

Were  the  induced  currents  in  the  closed  conductor  nnafEected  by 
Self-induction,  the  only  phenomena  exhibited  woald  be  alternate  equal 
attractions  and  repulsions. 

This  may  be  illustrated  by  fig.  1.  Here  the  strong  line  represents 
the  primary  and  the  thiu  the  secondary,  while  oi  t\ie  d.o\XA^\vKi^  ^tv^ 
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ordinato  repreflents  the  prodact  of  the  ordinates  of  the  other  lines, 
and  hence  represents  the  mechanical  force  of  attraction  or  repulsion. 

In  the  case  of  self-indnction  causing  a  lag,  shift,  or  retardation  of 
phase  of  the  secondary  current,  there  is  a  repulsion  due  to  the  sum- 
ma  live  effects  of  strong  opposite  currents  for  a  lengthened  period 
against  an  attraction  due  to  the  sunimative  effects  of  weak  currents 
of  the  same  direction  during  a  shortened  period,  the  resultant  effect 
being  a  greatly  preponderating  repulsion. 

The  diagram  for  this  is  fig.  2.  Professor  Thomson  has  shown, 
experimentally,  that  two  circular  coils,  whose  planes  are  perpendicular 


Fig.  2. 


to  the  line  joining  their  centres,  repel  one  anothci*  when  an  alternatin? 
current  traverses  one  of  them,  and  that  if  they  be  plaoed  with  their 
centres  coincident  and  planes  making  an  acute  angle,  there  will  be  a 
couple  tending  to  increase  that  angle. 
As  these  results  have  been  \iBed  «yA  means  of  measuring  alternating 
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currents,  I  have  calculated  in  §  1  expressions  for  the  intensities  of  the 
force  and  couple  respectively. 

Another  experiment  is  the  following : — A  sheet  of  copper  is  placed 
80  as  to  half  cover  an  alternating  magnetic  pole.  Upon  this,  near  the 
pole,  is  laid  a  hollow  sphere  of  copper.  The  electromagnetic  action 
produces  a  couple  so  powerful  that  the  friction  of  rotation  is  over- 
come, and  the  sphere  spun  round. 

In  order  to  throw  light  on  this,  after  a  theorem  in  §  2  as  to  the 
kind  of  currents  set  up  in  a  conductor,  I  have  considered  a  number 
of  cases.  A  thin  circular  infinite  cylindrical  shell  lies  in  an  alter- 
nating field  of  carrents  parallel  to  its  axis,  and  the  couple  upon  it  is 
found.  The  result  is  applied  to  give  the  couples  on  two  such  shells 
in  the  presence  of  a  parallel  current  and  of  a  pair  of  currents  forming 
an  electromagnet. 

The  couple  in  action  upon  a  thin  spherical  «hell  in  a  general 
periodic  field,  has  next  been  found,  and  is  applied  to  give  the  couples 
on  two  thin  shells  under  the  influence  of — 

(i.)  An  alternating  current  in  a  straight  infinite  wire. 

^ii.)  A  pair  of  such  currents  forming  an  electromagnet, 
(iii.)  An  alternating  magnetic  pole, 
(iv.)  An  alternating  electromagnet  of  very  short  length. 

It  transpires  that,  whatever  the  field  in  action  upon  the  cylinder  and 
Sphere  (the  former  consisting  of  carrents  parallel  to  the  axis),  there 
"vvill  be  no  couple  if  the  field  be  completely  in  one  phase.  Thus,  the 
sphere  of  Professor  Thomson  is  made  to  spin  because  the  currents 
induced  in  the  copper  plate  do  not  coincide  in  phase  with  those  of  the 
inagnet,  and  not  (as  has  been  stated)  becanse  it  acts  as  a  screen  and 
x-enders  the  field  unsymmetrical.  Were  the  plate  a  perfect  conductor, 
X  t  would  be  a  perfect  screen,  but  there  would  be  no  tjouple. 
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Becemher  17,  1891. 

Mr.  JOHN  EVANS,  D.C.L.,  LL.D.,  Treasurer,  in  the  Chair. 

A  Last  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
^>Ydered  for  them. 

The  Chairman  read  the  following  letter  from  Professor  Dewar : — 

Royal  Institution^ 

17th  December,  1891. 
T^KAR  Sir  William  Thomson, 

I  had  intended  coming  to  the  Society,  in  order  to  make  a  further 
Communication  with  regard  to  the  magnetic  and  other  properties  of 
liquid  ozjgen,  but  I  am  confined  to  the  Laboratory,  owing  to  difiB- 
calties  with  regard  to  the  progress  of  such  investigation.  In  the 
isieantime  it  may  interest  the  Fellows  to  know  that  I  have  examined 
t^he  properties  of  liquid  ozone  in  the  magnetic  field,  and  find  it  also 
bigbly  attracted. 

1    hope   to  make  a  detailed    communication   veiy  soon   to  the 

Society. 

Yours  faithfully, 

Jamks  Dewar. 
The  following  Papers  were  read : — 

I.  "The  'Ginger-beer  Plant,'  and  the  Organisms  composing 
it:  a  Contribution  to  the  Study  of  Fermentation-yeasts 
and  Bacteria."  By  H.  Marshall  Ward,  M.A.,  F.R.S., 
r.L.S.,  Professor  of  Botany  at  the  Forestry  School,  Royal 
Indian  Engineering  College,  Cooper's  Hill.  Beceived 
November  19,  1«91. 

The  author  has  been  engaged  for  some  time  in  the  investigation  of 
c^  remarkable  compound  organism  found  in  home-made  ginger- beer 
fermentations. 
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It  occurs  as  jelly-like,  semi-transparent,  yellowish- 
aggregated  into  brain-like  dumps,  or  forming  deposits  at  the  bottom 
of  the  fermentations,  and  presents  resemblances  to  the  so-called 
Kephir  grains  of  tbe  Cancasas,  with  which,  howeyer,  it  is  by  no 
means  identical. 

He  finds  that  it  consists  essentially  of  a  symbiotic  association  of 
specific  Saccharomycete  and  a  Schizomycete,  morphologically  oomparabl 
to  a  Lichen,  but,  as  met  with  naturally,  invariably  has  other  specii 
of  yeasts,  bacteria,  and  moald-fangi  casually  associated  with  these. 

He  has  successfully  undertaken  the  separation  of  the  yarions  forms 
and  groups  them  as  follows : — 

1.  The  essential  organisms  are  a^east,  which  turns  out  to  be 
new  species  allied  to  Saccharomyces  eUipsoideus  (Reess  and  Hanaen)^ 
and  which  he  proposes  to  call  8,  pyrifonnis ;  and  a^bacterium, 
new  and  of  a  new  type,  and  named  by  him  Bacteriufn  vemiiforme, 

2.  Two  otber  forms  were  met  with  in  all  tbe  specimens  (fro 
various  parts  of  the  country  and  from  America)  examined — . 
cerevisicB  (Desm.)  and  Bacterium  aceti  (Ktitzing  and  Zopf). 

3.  As  foreign  intruders,  more  or  less  commonly  occurring  in 
various  specimens  examined,  were  the  following : — 

«.  A  pink  or  rosy  yeast-like  form — Cryptococcus  glutinis  (Fresenius.) 

p.  A  small  white  aerobian  top-yeast,  with  peculiar  characters,  an 
not  identified  with  any  known  form. 

7.  The  ordinary  beer-yeast — Saccharomyces  cerevisim  (Meyen  and 
HauRcn). 

6.  Three,  or  probably  four,  unknown  yeasts  of  rare  occurrence. 

€.  A  bacillus  which  forms  spores,  and  liquefies  gelatine  with  a 
greenish  tinge. 

^.  A  large  spore-forming  bacillus,  which  also  liquefies  gelatine. 

1;  and  0,  Two — perhaps  three — other  Schizomycetes  not  identified. 

f.  A  large  yeast-like  form  which  grows  into  a  mycelium,  and  turns 
out  to  be  Oidium  lactis  (Fresenius). 

jc.  A  common  blue  mould — Penicillium  glaucum  (Link). 

X.  A  brown  "Torala"-like  form,  which  turns  out  to  be  DemaHum 
pullulans  (De  Bary). 

pL.  One,  or  perhaps  several,  species  of  "  Torula "  of  unknown 
origin  and  fates. 

Of  these  forms,  the  author  has  succeeded  in  cultivating  and 
examining  very  thoroughly  all  but  those  under  0  and  /i  in  the  fore- 
going list. 

Saccharomyces  pyriformis  (n.sp.)  is  a  remarkably  anaSrobian  bottom- 

yeast,  forming  spores,  and   developing  large   quantities  of   carbon 

dioxide,  but  forming  little  alcohol.     It  has  also  an  aerobian  form — 

veil  form  of  Hansen — in  which  the  rounded  cells  grow  out  into  dub- 

sbaped  or  pyriform  cells,  whence  t\ie  pto^o^e^^^e.Y^^Ti'Mna,  It  inverts 
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ome  sugar,  and  f  ermenie  the  products ;  but  it  is  unable  to  ferment  milk 
6Qgar.    It  forms  rounded,  morula-like,  white  colonies  in  gelatine,  and 
the  author  has  separated  pure  c  alt  urea  from  these.     He  has  also 
fftttdied  the  development  and  germination  of  the  spores,  which  are 
formed  in  24     18  hours  at  suitable  temperatures  on  porous  earthen- 
ware blodEB.     They  also  develop  on  gelatine. 

The  technological  characters  have  been  kindly  determined  and 
confirmed  for  the  author  bj  Mr.  Horace  Brown,  F.B.S.,  and  Dr. 
ICorris,  of  Burton-on-Trent. 

The  specific  Schiaomycete  {Bacterium  vermiforme^  n.sp.)  has  been 
▼^ery  fully  studied  by  the  author.  It  occurs  in  the  fermentations  as 
rcxilete  or  filaments,  curved  or  straight,  encased  in  a  remarkably  thick, 
fipxn,  gelatinous  sheath,  and  is  pronouncedly  anaerobic,  so  mach  so, 
tHat  the  best  results  are  g^t  by  cultivating  it  in  carbon  dioxide  under 


The  sheathed  filaments  are  so  like  worms,  that  the  name  proposed 
fop  the  species  is  appropriately  derived  from  this  character. 

It  will  not  grow  on  gelatine,  and  separation  cultures  had  to  be 
made  in  saccharine  liquids  by  the  dilution  methods. 

It  grows  best  in  solutions  of  beet-root,  or  of  cane  sugar,  with  re- 
Iftrtively  large  quantities  of  nitrogenous  organic  matter — e.g.^  bouillon, 
asparagin — and  tartaric  acid.  Good  results  were  obtained  with 
mixtures  of  Pasteur's  solution  and  bouillon. 

The  author  found  that  the  bacterium  into  which  the  filaments  sub- 
B€K|iiently  break  up  can  escape  from  its  sheath  and  become  free,  in 
"^hich  state  it  divides  rapidly  like  ordinary  bacteria.  Eventaally,  all 
the  forms-^filaments,  long  rods,  short  rodlets — break  up  into  cocci. 
^o  spores  have  been  observed.  These  changes  are  dependent  espe- 
cially on  the  nutritive  medium,  but  are  also  affected  by  the  gaseous 
environment  and  the  temperature.  The  jelly-like  clumps  of  the  so- 
<^led  '^ginger-beer  plant"  are  essentially  composed  of  these  sheathed 
^x&d  coiled  Schizomycetes,  entangling  the  cells  of  Saccharomyces 
I*yH,form%8.  But  the  action  of  the  Schizomycete  alone  on  the  sac- 
charine medium  differs  from  that  exerted  when  it  is  associated  with 
^lie  yeast,  and  from  that  exerted  by  the  latter  alone. 

This  was  proved  by  cultivating  each  separately,  and  also  by  culti- 
^c^tions  in  which,  while  each  organism  was  submerged  in  the  same 
^^I'mentable  medium,  they  were  separated  by  permeable  porcelain 
COliamberland  filters),  through  which  neither  could  pass. 

The  author  has  also  reconstructed  the  "ginger-beer  plant"  by 
listing  pure  cultures  of  the  above  two  organisms ;  the  Schizomycete 
^'^^angled  the  yeast-cells  in  its  gelatinous  coils,  and  the  synthesised 
^^"^vuponnd  organism  behaved  as  the  specimens  not  analysed  into  their 
^^^^istituents. 

Some  Tezy  ctuiouB  pbenomena,  in  CQnnexion  w\t\L  t^e  Iqtixi^Wotl  o\ 
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the  gelatinous  sheaths  and  the  escape  of  the  bacteria  from  them  were 
observed  in  hanging-drop  caltares,  and  are  figured  and  described  by 
the  author.  The  conditions  for  the  development  of  the  gelatinona 
sheaths — and  therefore  of  the  coherent  brain-like  masseB  of  th» 
Schizomjcete — are  a  saccharine  acid  medium  and  absence  of  oxygen^ 
The  process  occurs  best  in  carbon  dioxide  :  it  is  suppressed  in  boniilon, 
and  in  neutral  solutions  in  hydrogen,  though  the  organism  grows  ii 
the  free,  non-sheathed,  motile  form  under  these  conditions. 

The  behaviour  of  pure  cultures  of  the  bacteria  in  as  complete 
vacuum  as  could  be  produced  by  a  good  mercury  pump,  worked  daQye- 
and  even  several  times  a  day  for  several  weeks,  is  also  noteworthy^ 
The  author  records  his  thanks  to  his  friend  and.  colleague  Profc 
McLeod  for  much  assistance  in  regard  to  this  apparatus.   Thedevelo] 
ment  of  the  sheaths  is  apparently  indefinitely  postponed  in  vacuo^  bntt^    -t 
the  organism  increased,  and  each  time  the  pump  was  set  going 
appreciable  quantity  of  carbon  dioxide  was   obtained.     In  vacuuic 
tubes  the  same  gas  was  evolved,  and  eventually  attained  a 


sufficient  to  burst  some  of  the  tubes.     The  quantity  of  carbon  dioxide 
evolved  daily  by  the  action  of  the  bacterium  alone,  however,  is  smal         1 
compared  with  that  disengaged  when  the  organism  is   working 
conceH  with  the  symbiotic  yeast ;  in  the  latter  case  the  pressure  of  the 
gas  became  so  dangerous  that  the  author  had  to  abandon  the  use  o: 
sealed  tabes. 

The  products  of  the  fermentation  duo  to  the  Schizomycete  have  noi 
yet  been  fully  determined  in  detail ;  lactic  acid,  or  some  allied  com- 
pound, seems  to  be  the  chief  result,  but  there  are  probably  othi 
bodies  as  well. 

The  author  owes  acknowledgment  to  Dr.  Matthews,  of  Cooper's 
Hill,  for  advice  and  assistance  in  examining  the  products  of  thef 
fermentations. 

The  pink  yeast- like  form  proved  to  be  very  interesting.     It  hi 
nothing  to  do  with  the  **  ginger-beer  plant  '*  proper,  though  it  wi 
invariably  met  with  as  a  foreign  intruder  in  the  specimens.      Th< 
author  identifies  it  with   a   form  described  by  Hansen,  in  1879;^ 
unfortunately  the  original  is  in  Danish,  but  the  figai'es  are  so 
that  little  doubt  is  entertained  as  to  the  identity.     It  is  also  probabb 
the  same  as  Fresenius'  Cryptococcus  glutinis  in  one  of  its  forms.     It  ii 
not   a   Saccbaromycete,  and  does  not   ferment  like   a  yeast;    it 
aerobian. 

The  chief  discovery  of  interest  was  that  in  hanging  drops  th^  -*® 
author  traced  the  evolution  of  this  "rose-yeast**  into  a  large  com-^^^^^' 
plex  mycelium,  bearing  conidia,  and  so  like  some  of  the  Basidio^f^  -^ 
mycetes  that  it  may  almost  certainly  be  regarded  as  a  degraded  o: 

•  *  Organismer  i  til  og  0\\x.Tt,'  Co^xkVkSk^ii,  1^79. 
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**  torala  "  stage  of  one  of  these  higher  f nngi.  Full  descriptions  and 
figares  are  given  bj  the  author. 

The  form  Mycoderma  cerevisice  was  thoronghly  examined.  The 
author's  results  confirm  what  is  known  as  to  its  aerobian  characters. 
Statements  as  to  its  identity  with  Oiditim  lactia  were  not  only  not 
confirmed,  but  the  aathor  grew  these  two  forms  side  by  side,  and 
maintains  their  distinctness.  Nor  coald  he  obtain  spores  in  this 
fungus,  thus  failing  to  confirm  earlier  statements  to  the  contrary. 
He  regards  it  as  probable  that  oil-drops  have  been  mistaken  for 
spores;  he  also  finds  that  in  later  stages  of  fermentation  by  this 
organism  a  strong  oily-smelling  body  is  produced. 

With  regard  to  Bacterium  aceti,  the  author  has  nothing  new  to  add. 
A  point  of  some  interest  was  the  repeated  production  of  acetic  ether, 
which  scented  the  laboratory  when  this  Schisomycete  was  growing 
in  company  with  the  small  white  aerobian  top-yeast  referred  to 
under  (p).  As  this  phenomenon  was  found  to  have  nothing  to  do 
with  the  question  being  investigated,  the  author  did  not  pursue  it 
farther.  It  seemed  probable,  however,  that  the  yeast  produced  alcohol,. 
vhicli  the  Schizomyoete,  in  presence  of  oxygen,  partially  oxidised, 
and  that  the  fragrant  ether  was  produced  by  interaction  of  the  pro- 
ducts. 

With  regard  to  the  other  forms  found,  the  author  was  chiefly  con- 
cerned with  testing  their  relations  to  the  important  and  essential 
organisms.  It  need  only  be  remarked  here  that  hanging-drop 
cultures  of  DenuUiwn  pfdlulane  were  very  successful,  and  that  some 
of  the  moulds,  and  at  least  one  h<iciUu8  (of  which  the  spore-forma- 
tion, &c,^  were  traced  also),  were  traced  to  the  ginger  used  in  the 
manufacture  of  the  well-known  beverage. 

The  author  hopes  very  shortly  to  have  the  honour  to  lay  before  the 
Society  a  full  account  of  his  research,  of  which  the  above  is  only  a 
brief  notice.  The  fuller  account  will  contain  detailed  descriptions,  as 
well  as  figures  of  the  apparatus^  mode  of  culture,  &c. 


H.  **  Studies  in  the  Morphology  of  Spare-producing  Membei-n. 
Preliminary  Statement  on  the  LycopodiDSB  and  Ophio- 
glossaceee.''  By  F.  0.  Bower,  F.R.S.  Received  Novem- 
ber 27, 1891. 

It  is  currently  held  that  the  sporophyte,  or  neutral  generation  in 
^K^^hegoniate  plants,  is  the  result  of  elaboration  of  the  zygote  :  that 
^liile  in  certain  AlgsB  the  zygote  simply  divides  to  form  a  number  of 
^ores  (oarpospores),  in  the  lower  Bryophyta  there  has  been  a  differ- 
^x^tiation  of  an  external,  sterile,  and  protective  wa\l,d\fi^mc^  ltoT£L\ihx^ 
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internal  mass  of  spores.  The  higher  Brjophjta  show  s  larger  pro- 
portion of  sterile  tisane,  which  in  them  composes  the  seta,  colnmeUa, 
and  wall,  while  the  sporogenons  tissue  is  comparatirely  reduced  in 
bnlk,  though  still  forming  one  united  band.  In  the  rascnlar  plants 
the  proportion  of  sterile  tissue  to  the  sporogenons  tissae  is  larger 
still ;  elaboration  of  form  has  in  them  resulted  in  the  production  of 
appendicular  organs,  while  the  sporogenons  tissue  is  partitioned  of 
into  small,  isolated  masses,  or  even  single  cells,  these  being  situated 
in  members  which  are  commonly  called  sporangia.  The  series  from 
the  lowest  to  the  highest  of  these  types  probably  illustrates  the 
essential  points  in  the  actual  process  of  evolution  of  the  higher  from 
the  lower  forms;  from  it  we  recognise  that  the  ascending  serieB 
shows  a  progressive  sterilisation  of  the  tissues  of  the  neutral  genera- 
tion, and  also  an  increasing  elaboration  of  external  form  and  internal 
structure,  the  two  lines  of  progress  going,  in  a  measure,  hand  in  hand. 

It  is  obvious  that,  if  the  progression  were  as  above  stated,  the 
function  of  the  spore-production  preceded  the  vegetative  function^ 
of  the  sporophyte  in  point  of  time ;  spore-producing  members  may^ 
in  this  sense,  be  termed  primary  from  the  point  of  view  of  descent,  an< 
the  vegetative  members,  se^^ondary ;  the  morphology  of  spore-pi 
ducing  members  should  accordingly  take  precedence  of  the  morpb 
logy  of  vegetative  members,  and  an  exhaustive  study  of  the  forme 
is  therefore  specially  necessary. 

The  widest  gap  in  the  series  of  those  plants  which  show  antitheti 
alternation  is  believed  to  be  that  between  the  Bryophytaand  the  Vi 
cnlar  Cryptogams ;  to  bridge  over  this  gap  between  plants  wi 
simple  form  and  united  archesporium,  and  those  with  complex 
and  sepai'ate  small  archcsporia,  is  the  most  clearly  outstanding  prob-—  "** 
lem  of  morphology.  Of  intermediate  forms  there  are  practically  non^^^ 
known ;  but  it  is  believed  by  the  author  that  a  careful  examination:^^ 
of  the  spore-pi'oducing  members  of  the  lower  vascular  plants,  wit; 
special  regard  to  their  development,  will  best  lead  to  some  clea 
opinion  as  to  the  way  in  which  the  transition  may  have  taken 
A  comparison  of  such  plants  as  form  natural  series  may  demonstra 
l)rogre8sions  of  elaboration  and  sterilisation,  which  may  be 
as  analogous  to  the  progression  from  the  Bryophyta  to  the  Vaecularr 
Cryptogams.  Such  an  analogous  progression  is  believed  to  be  foun 
in  the  Lycopodina?  and  Ophioglossaceae.  Even  if  this  analogy  be  n 
admitted,  the  further  investigation  of  the  sporangia  of  certain 
and  less  known  Vascular  Cryptogams,  to  be  described  below,  will 
of  sufficient  interest  to  justify  the  work. 

The  present  preliminary  statement  will  refer  to  the  Lycopodinis    -*** 
and  Ophioglossacere  only. 

The  simplest  known  type  of  the  former  is  Fhylloglossum,  which  I 

ugree  -with    Dr.   Troub  in  regarding  aa  a.  ItmX^  rad\meiitary  fa 
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e  Bporopbjte  consists  of  two  parts : — (i)  the  proioeorm^  with  its 
ktophyllB  and  roots,  and  (ii)  the  strobUtitf  with  sporophjlls  and 
iraugia.  The  transition  from  (i)  to  (ii)  is  usaally  sadden,  and 
^hout  intermediate  steps. 

?he  sporangium  oiFhylloglossum,  as  regards  its  external  form,  is  inter- 
diate  in  character  between  that  of  Lycopodium  Selago  and  L.  alpinum ; 
I  archesporinm  consists  of  a  single  row  of  about  six  cells,  only  one 
which  appears  in  each  radial  section  \  in  this,  Phylloglosswn  is  like 
mlago.  The  whole  strobilns  also,  when  matnre,  is  closely  similar 
that  of  a  simple  Lyoopodium^  and  the  development  of  the  spor*  • 
(inm  corresponds  also  in  all  essential  points. 

Seyeral  species  of  Lycopodium  have  been  examined  as  regards  the 
ncture  and  development  of  the  sporangium ;  previous  investigators 
re  figured  only  radial  sections ;  it  is  obvious  that  radial,  transverse, 
1  tangential  sections  in  various  stages  will  be  necessary  for  the 
nplete  description  of  the  development  of  so  large  and  complex  a 
ij ;  the  result  of  comparison  of  such  sections  has  been — (i)  to  acquire 
slear  knowledge  of  the  form  and  composition  of  the  arche- 
irinm,  and  (ii)  to  show  that  this  varies  in  different  species  of  the 

Two  cases  will  be  briefly  described,  viz.,  L.  SelcLgo  and  L.  clavatwn. 
In  the  former  the  sporangium  appears  as  a  rather  narrow,  sharply 
iTez  outgrowth  from  the  upper  surface  of  the  sporophyll ;  the 
lieaporium  consists  of  a  single  row  of  cells,  of  which  one  only 
oears  in  the  radial  section ;  the  smallest  number  seen  in  the  tan- 
itial  sections  is  seven,  which  may  possibly  be  referable  in  origin 
bhree  parent  cells.  While  the  archesporium  increases  largely  with 
3,  neither  the  stalk  of  the  sporangium  nor  the  sub-archesporial  tissue 
reases  greatly  in  bulk,  so  that  the  mature  sporangium  assumes  the 
m  of  a  slightly  curved  sausage,  attached  by  a  comparatively  slender 
1  long  stalk. 
Ln  X.  elavatum    (to  which   also  L.  alpinum  closely  corresponds), 

>  sporangiam  appears  as  a  broad,  only  slightly  convex  oat-g^wth ; 

>  archesporium  does  not  consist  of  a  single  row  of  cells,  but  usually 
three  rows :  thus  three  cells  would  appear  in  each  radial  section : 
bh  radial  and  transverse  sections  show  that  these  are  not  readily 
arable  in  origin  to  a  single  parent  cell.  In  tangential  section  it 
sears  that  ten  or  more  cells  may  be  present  in  each  row.  As  the 
thesporium  grows,  the  stalk  remains  short  and  bulky,  while  the 
>-arohesporial  mass  develops  as  a  large  pad  of  sterile  tissue,  which 
(hes  the  sporogenous  tissue  convexly  upwards.  The  whole  spor- 
j^am  when  mature  is  thus  strongly  curved,  and  is  inserted  on  the 
irophyll  by  a  short  and  massive  stalk.  These  characters  are  im- 
rtant  for  comparison  with  Ophioglossum,  * 

[t  may  be  added  th&t,  bo  far  ab  observationa  liave  y6\i\)eei!L  xD8A^Q»a 
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Selaginella^  its  sporangiam  appears  to  be  comparable  to  ihe  Bdago 
type  of  Lycopodium^  thoagh  with  differences  of  detail,  which  need 
not  now  be  specified. 

The  results  obtained  by  observation  of  the  Lycopodinn  have  been. 
nsed  for  purposes  of  comparison  with  the  Ophiogloesacee,  and  the 
I'esnlt  is  a  view  as  to  the  real  nature  of  the  so-called  "  fertile  frond.^ 
This  structure  has  long  been  a  morphological  cmz,  and   ysrio 
opinions  have  been  held  with  regard  to  it,  which  severallj  maki 
demands  upon  morphological  faith.    The  theory  now  to  be  pat 
is,  that  the  ^^  fertile  frond**  is  an  elaborated  and  partitioned  sporangi 
homologous  with  the  smaller  and  non-partitioned  sporanginm  of  th^  ^e 
Lycopodinae.    Developmental  evidence  will  now  be  adduced  in  sappo: 
•of  this  theory. 

The  "  fertile  frond  "  of  Ophiogiossttm  wdgatum  arises  as  an  on* 
growth  of  the  upper  surface  of  the  "  sterile  ledf " :  not,  it  is  trae,  a 
the  base,  but  rather  below  the  middle  :  the  cell-divisions  do  not  oo 
respond  in  detail  to  those  in  the  young  sporangium  of  Lyeopodiw 
but  I  do  not  think  that,  at  the  present  day,  this  will  be  reckoned 
material  ground  for  rejecting  an  homology.     There  is  in  fact,  at  fi 
a  single  initial  cell,  with  rather  irregular  segmentation,  but  the  api 
growth  of  the  elongated  and  upward  directed  "  fertile  frond  **  passe      -^ 
over  shortly  to  the  type  with,  apparently,  four  initials. 

The  origin  of  the  archosporium  and  sporogenous  tissue  has  bee 
traced  in    Ophioderma  pendulum   by  the  help  of  material   suppli 
through  the  kindness  of  Dr.  M.  Treub.     In  this  plant,  as  in  Ophio 
glossum,  the  sporangia  ai*e  deeply  sunk  in  the  *'  fertile  frond,"  an 
form  a  longitudinal  series  running  along  each  lateral  margin  of  i 
and    extending  to  the    extreme  apex.     Transverse   sections   in    th 
young  state  would  thus  show  the   archesporia   at  the  most  cnrv 
points  of  the  elliptical  section.     In  the  youngest  transverse 
which  were  observed,  the  archesporial   tissue  appears  composed  o; 
many  cells,  and  it  is  doubtful  whether  all  be  refei-able  to  a  singl^s=^ 
parent  cell ;  but,  seeing  that  this  section  would  correspond  to  what  if? 
Hcen  in  a  radial  or  a  transverse  section  of  the  sporangium  of  Lycopodium^ 
and  that  there  is  a  difference  (e.g.,  between  L.  sehigo  and  L.  cl^vatumy^^l) 
MS  to  the  reference  of  the  archesporium  to  a  single  cell  in  such  scction^^s  ^ 
in  different  species  of  that  genus,  this  question  cannot  be  conside 
as  a  vital  one. 

The  archesporial  tisf?ue  thus  seen  in  transverse  sections  of  theyoun 
"  fertile  frond,"  is  found  in  tangential  and  radial  sections  to  be  a  con — 
finnovs  hand,  which  extends  along  each  margin  to  the  apex ;  it  i^ 
})elieved  to  correspond  to  the  curved  band  of  archesporial  tissue  i 
Lycopodium,  and  may,  therefore,  be  styled  the  potential  archesporium 
}}ut  whereas  in  Lycopodiuvi  the  whole  of  this  tissue  forms  spores 
only  parts  of  it  develop  as  sporogenon^  tisaxifeATL  OpHoderma:  for^a 


--^> 
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it  grows  older,  the  archesporial  band  becomes  differentiated  into 
(a)  sporogenous  masses^  which  soon  are  densely  filled  with  ptx)toplasm, 
and  develop  further  into  spores,  as  already  known,  and  (h)  sterile 
HtsueSy  which  intervene  between  these,  and  develop  into  the  septa 
between  the  sporangia,  together  with  part  of  the  tapetnm. 

A  similar  continuous  band  of  hypodermal  tissue  has  been  found  in 
Ophioglosswn  also,  and  is  believed  to  be  the  continuous  potential 
trehesporium. 

If  the  tissue  thus  recognised  in  Ophioderma,  and,  with  less  certainty, 
n  Ophiogiossumj  be  the  potential  archesporium,  and  correspond  to  the 
;arved  band  of  archesporium  in  Lycopodium,  then  the  whole  *'  fertile 
rond  *'  of  Ophioglossum  and  Ophioderma  must  be  homologous  with 
he  sporangium  of  Lycopodium:  the  central  tissue  of  the  "fertile 
rond'*  will  be  the  counterpart  of  the  sub-archesporial  mass  of 
L/ycopodium,  apd  the  whole  will  illustrate  the  result  of  elaboration^ 
XMrticU  sterilisation,  and  consequent  partitioning  of  the  sporangium. 

Bat  it  will  further  be  pointed  out  that  the  Ophioglossaceas,  which 
ire  a  natural  family  with  obviously  close  affinities,  illustrate  the  pro- 
^ress  of  elaboration  of  the  sporangium  by  still  further  steps  within 
iheir  own  circle  of  aifinity.  This  will  appear  on  comparison  of 
^elfninthosta4:hySy  of  which  I  have  received  well-preserved  specimens, 
K>llected  in  Ceylon  by  Mr.  J.  Bretland  Farmer.  Here  the  "  fertile 
rrond  "  is  not  so  simple  as  in  Ophioglossu^m;  its  homology  is,  however, 
lemonstrated  by  its  position,  and  by  the  fact  that  its  main  features  of 
Murly  development  are  similar.  The  spore-producing  parts  are  borne 
ilong  the  two  lateral  margins ;  but,  instead  of  the  large  sporangia 
leeply  sunk  in  the  tissue,  as  in  Ophioglossum,  their  place  is  taken  in  HeU 
ninthostachys  by  branched  outgrowths,  each  of  which  may  bear  a  num- 
[>er  of  smaller  sporangia;  these  branched  outgrowths  may  be  styled 
provisionally  the  sporangiophores.  Thoy  are  not  disposed  with  strict 
regularity,  but  are  restricted  to  the  margins  of  the  *'  fertile  frond,'' 
md  thus  topographically  they  replace  the  sporangia  of  Ophioglossum : 
functionally  they  do  the  same,  for  part  at  least  of  their  tissue*  becomes 
iporogenous.  The  development  of  them  has  been  traced,  but  it  need 
dot  now  be  described  in  detail ;  it  will  suffice  to  make  the  general 
itatement  that  it  shows  nothing  incompatible  with  the  theory  above 
put  forward.  The  sporangia  correspond  in  their  development  and 
main  features  to  those  of  Botrychium,  A  comparison  of  Helmintho- 
ftachys  with  Ophioglossum  would  point  to  the  conclusion  that  in  the 
Former  is  seen  a  further  phase  of  elaboration,  partial  sterilisation,  and 
oartitioning.  If  the  archesporium  of  Ophioglossum  were  further  sub- 
divided by  sterilised  partitions,  and  the  several  parts  raised  by  vege- 
tative outgrowth  of  tissue,  so  as  to  project  beyond  the  general 
surface,  the  result  would  be  something  like  that  which  is  actually 
Been  in  Helmintha^tachys, 
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A  somewhat  Bimilar  view,  thongh  different  in  some  details^  maj  be 
held  also  in  the  case  of  Botrychium, 

There  are,  however,  other  facts  relating  to  both  the  Ophioglosaacee 
and  LycopodinsB  which  are  obvioos  externally,  and  which  are,  I  think, 
most  readily  explained  on  an  hypothesis  of  elaboration  and  partial 
sterilisation :  these  will  now  be  briefly  alluded  to.     In  certain  species 
of  Lycopodium  (e.^.,  L.  Selago)  there  is  no  marked  difference  between 
the  foliage  leaves  and  the  sporophylls :  in  many  other  species  the 
.difference  is  only  slight.     It  may  be  noted  that  in  certain  species 
(e.^.,   L,  alpinum)   towards  the   base   of  the    strobilos  the  yonn 
sporangia  show  gradual  reduction  in  size,  these  leading  on  to  oafees  oi 
complete  abortion.     At  the  apex  of  the  strobilos  also  there  is  often 
similar  reduction  of  the  sporangia  (PhyUoglossum,  L.  clavatum^  ^O*- 
the  uppermost  leaves  being  thus  sterile.     Again  in  2/.  Selago  an 
some  tropical  species,  sporangia  are  borne  on  certain  zonea  of  thi 
plant,  while  on  alternating  zones  there  are  only  sterile  leaves.     In  the 
OphiogloBsaceas  also  the  leaves  of  weak  plants  are  frequently  sterile^ 
and  bear  no  matured  '*  fertile  fronds  " :  examination  of  these,  how-* 
ever,  frequently  discloses  a  small  and  abortive  "  fertile  frond  '*  occu» 
pying  the  position  of  the  normal  one.     How  are  these  organs  in  tfae»  J 
Lycopods  and  Ophioglossum  to  be  explained  unless  they  be  regarde£=^ 
as  the  reduced  and   abortive   remains  of  parts  which  under  othes 
circumstances  might  have  come  to  functional  maturity  ?     They  are. 
in  fact,  evidence  of  further  sterilisation^  though  in  this  case  it  is  noH 
partial,  but  extends  even  to  the  whole  sporogenous  tissue  of  certai 
sporangia. 

Putting  together  these  last  facts,  and  the  developmental  data 
viously  stated,  the  following  seems  to  me  to  be  a  reasonable  theory,^  ^^» 
which  will,  I  think,  throw  some  light  upon  the  probable  relations  o9^  ^ 
the  LycopodinsB  and  Ophioglossaceaa  from  the  point  of  view  oL-^— ^ 
descent : — 

The  primeval  strobilus  consisted  of  axis,  sporophylls,  and  sporangia :  "^    * 
any  of  those  parts  was  capable  of  further  elaboration,  and  the  balance 
of  them  inter  se  might  thus  have  been  modified. 

In  PhyUoglossum  there  is  a  small  strobilus  which  springs  dirc»ctly 
from  the  protocorm.  This  whole  strobilus  is  probably  of  a  primitive 
type,  and  may  cori-espond  to  an  elaborated  sporogonial  head  (see  below). 

In  the  various  species  of  Lycopodium  the  whole  plant  (exclusive  of 
the  protocorm,  &c.)  represents  an  extended  and  branched  form  of 
such  a  strobilus,  of  which  many  of  the  sporophylls  have  been  steril- 
ised, and  appear  as  the  foliage  leaves,  having  no  sporangia.  The 
whole  plant  shows  a  prevalence  of  development  of  the  axis  over  the 
leaves  or  sporangia. 

In  the  OphioglossaceaB  the  converse  is  the  case ;  the  axis  remains 
relatively  small  (except  in  Helminthostachysy  where  it  is  seen  as  the 
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Mriiontal  rfaisome),  while  the  sporophjllfl  (=  "  sterile  fronds  ")  and 
tonuif(ia  (=s  *' fertile  fronds  ")  are  largely  extended,  the  elaboration 
the  two  showing  a  remarkable  parallelism.  In  Ophiogloasum  vfd^ 
i#tH»,  where  the  sporophjU  is  simple  though  mach  larger  than  in 
feopodiwa^  the  sporangium  (*'  fernle  frond ")  is  elongated  and 
krtitioaed  by  the  sterilisation  of  transverse  bands  of  the  potential 
vhesporinm.  In  Ophioderma  (as  also  in  some  species  of  Ophiogloi- 
m)  the  sporophyll  is  irregularly  lobed,  while  the  sporangium 
'  fertile  frond  ")  is  occasionally  branched.  In  Helminthostaohys  the 
ovophyll  is  branched,  and  the  whole  sporangium  (''  fertile  frond  **) 
also  branched  occasionally ;  but  in  addition  it  shows  that  elabora- 
m  above  described,  and  it  may  be  looked  upon  as  the  result  of  . 
ither  partitioning  of  the  archesporium,  and  outgrowth  of  separate 
«is  of  the  superficial  tissues  as  the  '*  sporangiophores."  Finally,  in 
me  species  of  Botrychium  the  sporophyll  and  sporangium  ("  fertile 
ond  ")  are  both  i-epeatedly  branched,  and  show  the  furthest  diver- 
moe  of  the  whole  series  from  their  simpler  prototypes,  which  are  the 
lorophyll  and  sporangium  of  the  Lycopods. 

In  this  view  thus  stated  there  is  nothing  incompatible  with  what 
ight  be  expected  on  a  priori  grounds ;  on  the  contrary,  there  is 
kkI  reason  to  look  upon  such  a  progp*e88ion  as  one  of  the  natural 
ays  in  which  the  number  of  spores  produced  might  be  increased, 
ich  increase  in  number  being  obviously  beneficial.  Taking  the 
mple  strobilus  as  the  starting  point,  one  method  would  be  the 
ongation  of  the  strobilus,  and  increase  in  the  number  of  sporangia 
x)duced  upon  it,  they  remaining  individually  of  relatively  small 
se;  this  is  the  type  seen  in  the  Lycopods.  A  converse  method 
onld  be  to  increase  the  individual  size  of  the  sporangium,  while  the 
imber  of  sporangia  might  remain  small  and  be  matured  at  intervals ; 
.is  is  exemplified  by  the  Ophioglossace».  But  if  simple  enlargement 
the  sporangium  took  place,  without  subdivision  of  the  archesporium, 
e  rapid  supply  of  nourishment  to  the  enlarged  mass  of  growing 
tores  would  be  difficult,  while  at  the  period  when  the  sporogenous 
ass  is  semi-fluid,  owing  to  the  cells  separating  from  one  another,  and 
Mating  freely  in  fluid,  the  sporangium  would  run  great  risk  of 
echanical  injury  from  without,  and  a  single  puncture  of  the  wall  of 
le  large  sporangium  would  ruin  the  whole.  These  difficulties  are 
1  avoided  by  partitioning  of  the  sporangia ;  the  sterile  tissue  of  the 
^itions,  while  strengthening  the  whole,  would,  together  with  the 
creased  sub-archesporial  mass,  serve  the  more  readily  to  bring 
mrishment  to  the  developing  sporogenous  tissue;  the  transfer  is 
rther  provided  for  by  the  vascular  system  which  extends  upwards 
rough  the  centre  of  the  ''fertile  frond,"  and  even  into  the 
Kxrangiophores  of  HelnUnthogtachys. 
The  e&ct  of  this  theory  would  be  to  bring  tici^  0^^c^^<^^%R»a& 
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Bystematicallj  nearer  to  the  LycopodinsB ;  this  relationship  has  been 
recognised  by  various  writers  on  other  grounds,  and  the  characters  of 
the  sexual  generation  will  even  help  to  support  this  nearer  affinity. 

A  special  interest  will  now  centre  round  a  small  and  very  rare 
plant,  viz.,  Ophioglossum  Bergianurriy  one  dried  specimen  of  which 
I  received  from  Professor  MacOwau.  It  appears  to  show  points  of 
affinity  both  to  Phylloglossum  and  Ophioglossum.  While  it  is  obviously 
an  Ophioglossum,  it  shows  (1)  in  the  form  of  the  leaf  and  the  general 
habit,  (2)  in  the  fact  that  more  than  a  single  leaf  is  exposed  at  once, 
(3)  in  the  low  point  of  insertion  of  the  *'  fertile  frond,"  and  (4)  in 
the  small  number  of  partitions  in  it  (sporangia,  8 — 12),  characters 
which  suggest  that  its  further  investigation  would  probably  disclose 
facts  of  the  greatest  importance. 

The  relation  of  Itoetes  to  our  series  will  naturally  be  a  close  one ; 
JQst  as  the  plant  of  Ophtoglosswm  may  be  looked  upon  as  a  vertical 
strobilus,  of  which  the  large  sporophylls  are  developed  in  slow  suc- 
cession, so  also  may  Isoeies  be  regarded  as  a  simple  vertical  strobilua, 
but  the  leaves  are  more  numerous ;  the  leaf  (sporophyll)  is  relatively 
large,  though  simple.     The  sporangium  is,  in  form,  like  a  flattened 
cake,  inserted  on  the  upper  surface  of  the  leaf,  near  its  baae  ;  it  also 
is  partitioned,  more  or  less  completely,  and  Goebel  has  shown  clearly 
in  his  drawings  how  the  hypodermal  tissue,  which  may  here  also  be 
styled  the  potential  archesporium,  becomes  differentiated  into  sterile 
trabeculse   and  sporogenous  cells.      To  this  differentiation  I  should 
assip^n  a  similar  interpretation  to  that  in  the  Ophioglossacead ;    the 
sporangium  is,  however,  less  elaborated,  and  its  size  and  pi*ominence  are 
not  SQch  as  to  have  led  to  its  sporangial  character  being  lost  sight  of. 

Quite  recently,  on  examining  the  tine  scries  of  sections  of  Lepido- 
strobus  in  the  British  Museam,  I  have  found  processes  of  sterile  tissue 
which  spring  from  the  base  of  the  sporangium,  and  project  far  inta 
the  mass  of  spores;  these  appear  to  bo  comparable  to  the  trabeculse 
of  Isoetes,  though  differing  in  points  of  detail. 

I  do  not  think  it  desirable  as  yet  to  express  opinions  as  to  the- 
bearingof  this  work  upon  the  other  Ferns.  At  present  I  am  disposed^ 
to  think  that  the  Ophioglos:sacece  and  Isoetes  are  in  an  intermediate 
position  between  the  Ljeopods  and  other  Ferns,  and  that  their  affiuitj^ 
to  the  former  is  certainly  quite  as  close  as  to  the  latter. 

The  Psilotaceae  are  probably  a  separate  series,  remote  from  both ; 
they  will  be  dealt  with  on  a  later  occasion. 

We  have  seen  how  the  OphioglossaceeB  illustrate,  according  to  our-* 
theory,  the  elaboration  and  partitioning  of  a  sporangium,  which  in  th( 
Lycopods  is  relatively  small  and  simple,  and  has  an  undivided  arche- 
sporium.    It  is  suggested  that  in   this  series  there  may  be  seen 
progression  analogous  to  that  by  which  the  vascular  plants  originated..-^ 
from  some  Bryophytic  forms  wit\i  Bim^Ye  %^oYo^o)aAal  head.     Take,.^^ 
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for  example,  the  Btrobilus  of  Lycopodiunij  or  of  Equisetum ;  it  is  not 
difficult  to  see  how,  from  a  Brjophjte  with  an  archesporiam  snch  as 
that  of  Anthoceros^  the  strobilas  might  originate  from  the  sporogonial 
head,  by  partitioning  off  the  archesporinm  (such  as  that  seen  in  Ophio- 
derma),  and  oatgrowth  of  new  members  from  the  surface  (snch  as  are 
seen  in  Helminthostachys) .  Tbe  details  ^f  the  process  might  doubtless 
be  different ;  it  is  net  ewn  contended  at  present  that  this  may  have 
been  the  mode  of  origin  of  <ill  the  stocks  of  Yascnlar  Cryptogams. 
Bat  the  point  is  that  an  elaboration  similar  to  that  which  may  be  tra^d 
in  the  spore-hearing  msmhers  of  the  L^copodinoB  and  Ophioglossaceos  of 
the  present  day  might,  if  carried  out  in  a  sporogonium  such  a^  that  of 
Anthoceros,  result  in  a  strohilus  not  unlike  those  of  Eqnisetnm  or 
Ljcopodinm.  The  gap  between  the  Bryophytes  and  Vascular  Crypto- 
gams would  thus  be  bridged  over  by  a  hypothesis  based  upon 
analogy.  I  am  fully  aware  how  open  such  a  hypothesis  is  to  criti- 
cism, but  I  think  that  it  is  better,  after  careful  and  widely  extended 
comparative  observation,  to  put  out  the  hypothesis  than  to  be  content 
with  no  clear  hypothesis  at  all.  More  especially  is  this  so  in  the 
present  case,  where  no  intermediate  types  are  at  present  known  to 
exist,  and  where  we  have  no  special  reason  to  expect  that  such  types 
will  be  discovered. 

The  above  description  makes  it  evident  that  a  revision  of  termino- 
logy of  spore-bearing  members  will  be  necessary  -;  if  the  spore-bear- 
ing member  of  the  OphioglossaceaB  be  homologous  with  the  sporan- 
gium  of  Lycopodium,  it  is  obviously  undesirable  to  call  it  a  *'  fertile 
frond."  It  could  not,  however,  be  termed  a  sporangium  without 
violence  to  the  meaning  of  this  word.  I  have  not  yet  arrived  at  a 
conclusion  on  -such  points  as  these,  and  shall  defer  the  definition  of 
the  temu  to  be  used  until  the  memoir,  of  tbe  coutents  of  which  this 
is  a  short  and  partial  pi'eHminaiy  statement,  shall  be  ready  for  pre- 
sentation to  the  Society. 

In  conclusion,  no  reference  has  been  made  in  this  statement  to  the 
higher  plants.  Clearly  the  enunciation  of  new  views  with  regard  to 
the  lower  vascular  plants  must  affect  opinions  as  to  the  morphology  of 
the  higher.  The  interpretation  of  these  will  ultimately  have  to 
depend  upon  conclusions  drawn  from  the  study  of  the  lower  types. 
Hitherto  it  has  been  the  practice  to  read  the  morphology  of  the  lower 
forms  in  terms  of  the  morphology  of  the  higher ;  the  converse  will 
have  to  be  ultimately  adopted.  Nevertheless,  I  have  abstained  at 
present  from  touching  upon  such  questions  as  these,  partly  because 
such  discussions  would  obscure  the  present  issues,  partly  because  the 
time  has  hardly  yet  come  for  any  general  statement. 

The  Society  adjourned  over  the  Christmas  Recess  to  Thnt^dsii^^ 
January  14,  1892, 
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"*'  On  the  Demonstration  of  the  Presence  of  Iron  in  Chromatin 
by  Micro-Cliemical  Methods."  By  A.  B.  Maoallum,  M.B., 
Ph.D.,  Lecturer  in  Physiology  in  the  University  of  Toronto. 
Communicated  by  Dr.  H.  Newell  Martin,  F.R.S.  Re- 
ceived April  23, — Read  April  30,  18&1.  Revised  August, 
1891. 

The  investigation,  some  of  the  results  of  which  are  to  be  given  in 
tbe  present  paper,  was  stimulated  by  the  conclusions  of  studies 
which  I  carried  on  during  the  last  five  years,  and  by  the  observa- 
tions of  Bunge*  and  Zaleskif  on  the  occurrence  of  iron-holding 
proteids  in  the  food  and  in  the  liver.  The  conclusicM&s  which  I  drew 
from  my  studies  were  : — 

(1.)  That  in  Amphibia  the  hemoglobin  is  derived  from  the  very 
abundant  chromatin  of  the  haematoblasts.^ 

(2.)  That  in  the  maturing  ova  of  Amphibia  the  abundant  chromatin 
of  the  nucleus  diffuses  out  from  the  latter,  and,  as  the  diffusion  com- 
mences and  progresses,  the  yolk  spherules  appear  and  increase  in 
size.  In  other  words,  chromatin  constitutes  a  large  part  of  each  yolk 
spherule. 

(3.)  That  there  is  a  transference  of  chromatin  from  the  maternal 
tissues  to  the  foetal  villi  in  the  placenta  of  the  Cat,  and  that  this 
chromatin  is  carried  from  the  central  portions  of  the  villi  by  the 
amoeboid  cells  of  the  latter  onwards  towards  the  foetus. 

From  the  first  conclusion  it  follows  that  the  chromatin  of  hemato* 
blasts  contains  iron.  A  consideration  of  the  remaining  conclusions 
points,  however,  to  a  wider  distribution  of  iron.  Bunge  fonnd  in 
the  yolk  of  the  hen's  egg  an  iron-holding  nudein,  which,  from  its 

*  "  Ueber  die  Assimilation  des  Eisens/*  '  Zeit.  f .  Physiol.  Chemie/  toI.  9,  p.  49. 

t  "Studien  uber  die  Leber. — 1.  Eisengehalt  der  Leber,"  'Zeit.  f.  Physiol. 
Chemie,'  toI.  10,  p.  453. 

X  The  obserTations  od  this  subject  are  described  in  a  paper  which  is  to  appear  in 
the  forthooming  number  of  the  '  Transactions  of  the  Cttnaydiaxi  IcAXxtvxVA* 
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sapposed  connexion  with  hsBmatopoiesis  in  the  developing  chick,  he 
named  h»matogen.  In  the  amphibian  ova  also  the  iron  is  nnited 
with  a  proteid  fixed  in  the  yolk  sphemles,  and  as  this  proteid  has 
all  the  characters  of  a  nuclein,  it  is,  therefore,  in  all  probability,  the 
same  compound  as  that  described  by  Bunge;  This  nuclein  is,  appa- 
rently, none  other  than  the  chromatin  diffused  from  the  nnclenB  of 
the  maturing  ovum.  If  so,  it  is  possible  that  the  original  unmodified 
nuclear  chrooiatin  of  the  ovum  contains  iron.  Again,  the  fact,  thai 
the  lower  Yertebrata  receive  the  iron  which  is  present  in  them  daring 
larval  life  in  combination  with  a  nuclein,  points  to  the  occurrence 
during  the  embryonic  period  in  Mammalia  of  the  same  or  a  similar 
endowment  with  an  iron- holding  nuclein.  There  is,  in  the  Cat,  as 
stated  already,  a  transference  of  chromatin  from  the  maternal  to  the' 
foetal  tissues.  Judging  from  all  the  aspects  of  these  questions  it  was 
inferred  also  that,  in  the  transference  of  chromatin  to  the  embryo, 
the  latter  receives  all  the  iron  which  it  requires. 

These  points,  taken  in  connexion  with  the  fact  that  Zaleski  isolated 
from  the  liver  cells  of  various  animals  a  nuclein  in  which  iron  is 
firmly  bound,  led  me  to  the  generalisation  that  the  chromatin  of 
every  cell  contains  iron  as  a  necessary  constituent  of  itself.  I  deter- 
mined to  test  the  accuracy  of  this  generalisation.  Under  my  direc- 
tions, Mr.  R.  R.  Bensley  isolated,  from  lamb's  testicles  and  the  calf*8 
thymus,  quantities  of  nuclein,  which,  when  carefully  purified,  gave 
not  the  slightest  iron  reaction,  but  in  the  ash  of  which  there  was 
abundant  evidence  of  the  presence  of  the  metal.* 

Although  care  was  taken  to  obtain  the  nuclein  free  from 
hsematin,  yet  I  was  not  certain  that  we  did  obtain  it  absolutely  in  a 
pure  condition.  It  is  well  known  that  fixed  or  dead  chromatin 
readily  absorbs  dyes,  and,  as  it  is  extremely  probable  that  this  power 
is   exercised  on   other   substances,    it  may    well  be   believed   that 

•  In  tlie  pr*»paration  of  nuclein  from  these  sources  we  proceeded  as  follows : — 
The  organs,  freed  from  connective  tissue  structures,  were  finely  minced  and  rubbed 
lip  in  a  glass  mortar  with  a  small  quantity  of  a  2  per  cent,  solution  of  hydrochloric 
acid.  To  this  fluid,  after  having  been  strained  through  moderately  fine  muslin, 
to  remove  small  portions  of  fibrous  tissue,  more  of  the  weak  solution  of  the  acid 
was  added,  with  a  small  quantity  of  a  glycerine  extract  of  the  mucosa  of  the  cardiac 
portion  of  the  pig's  stomach.  The  fluid  so  prepared  was  kept  at  a  temperature  of 
35°  C.  To  the  undigested  residue  left  each  day  fresh  quantities  of  the  hydrochloric 
acid  solution  and  of  the  glycerine  extract  were  added,  until  the  peptone  reaction 
was  no  longer  obtainable  from  it.  It  was  next  washed  with  alcohol,  then  cuvfully 
with  ether,  to  remove  all  the  fat,  and  submitted  to  the  action  of  strong  ammonia 
for  twenty-four  hou^.  A  portion  was  thus  dissolved,  and  the  solution,  freed  from 
the  insoluble  part  by  filtration  through  iron-free  paper,  was  next  treated  with  three 
times  its  volume  of  alcohol.  The  precipitate  from  this  was  removed,  again  dis- 
solved in  ammonia,  and  reprecipitated  with  alcohol.  The  nuclein  so  obtained  gave 
no  iron  to  Bunge's  fluid,  nor  did  it  give  to  alcohol  acidified  with  sidphurio  acid  any 
hsetnatin. 
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lumiatm  is  as  readily  absorbed  and  as.  tenaciously  held  by  chromatin 

aa  are  some  dyes.     Indeed,  the  accuracy  of  Zaleski's  observations  on 

hepaiin^  the  iron-holding  nnclein  of  the  liver  cells,  may  be  open  also 

to  objection  on  this  score.     It  is,  to  a  certain  extent,  accepted  that 

the  liver  is  the  organ  which  converts  the  hiematin  of  •disintegrated 

hnmoglobin  into  the  bile  and  nrine  pigments.     Now,  the  liver  cells 

are  probably  the  agents  in  this  conversion,  and  the  h»matin  which  is 

held  by  them  and  their  nuclei  cannot,  presumably,  be  removed  by  the 

washing  out  of  the  lobular  capillaries  with  saline  solutions. 

.   Such  being  the  difficulty,  the  solution  appeared,  at  first  sight, 

to  lie   in  the  preparation  of  nuclein  from  an  animal  from   which 

immoglobin  is  absent.     No  opportunity  presented  itself  for  making 

such  preparations  of  the  substance   in    desired   quantities,   and  it 

mppeared  to  me  that  nuclein  from  such  a  source  could  not  be  free 

:^rom  the  histo-hsBmatins  found  by  MacMunn  to  be  present  in  all 

"tissues,  except  those  of  the  nervous  system.     With  this  difficulty 

T)efore  me,  I  felt  compelled  to  relinquish  that  line  of  investigation, 

wid  to  attempt  another. 

It  occurred  to  me  that  it  might  be  possible  to  demonstrate  under 
"Ae  microscope  the  presonce  of  iron  in  the  chromatin  of  the  cellnlar 
elements  of  such  tissues  as  are  almost  wholly  free  from  hsamatins, 
mnd  in  those  tissues  which  are  hardened  so  rapidly,  as  to  prevent  a 
'transference  from  without  of  hsamoglobin  or  hsematin  into  the  cells. 
Such  tissues  are  the  cutaneous  epithelium  in  Amphibia  and  Fishes, 
the  cornea  and  cartilage  in  all  Vertebrates.  This  demonstration  I 
had  often  attempted  without  success,  and  I  was  forced  to  adopt  the 
•conclusion  that,  if  iron  is  present  in  the  intact  nucleus,  it  is  either 
80  firmly  bound  in  the  molecules  of  chromatin  that  the  ordinary 
reagents  cazmot  attack  it,  or  so  small  in  quantity  that  its  colour 
reactions  are  absent,  even  under  the  microscope.  Bunge,  however,  in 
the  case  of  hsBmatogen,  had  shown  that  ammonium  sulphide  has  the 
power  of  separating  the  iron;  and  Mr.  Bensley  and  myself  ascer- 
tained that  this  reagent  has  the  same  effect  on  isolated  chromatin, 
when  kept  in  a  warm  condition  for  a  long  time  in  contact  with  the 
substance,  the  iron  separating  as  sulphide.  I  tried  the  effect  of  the 
reagent  on  tissues,  and  took,  for  example,  pieces  of  the  mesentery  of 
NeeturuBy  put  them  in  a  ground-stoppered  bottle  with  ammonium 
sulphide,  and  kept  the  bottle  in  a  warm  oven  for  several  days.  At 
the  end  of  that  time,  the  pieces  of  tissue  showed  along  the  line  of  the 
blood-vessels  a  greenish-blue  colour,  while  the  remaining  portions  had 
a  diffuse  light-green  colour.  Under  the  microscope,  the  iron  reaction 
appeared  in  the  red  blood  cells  and  their  nuclei,  while  the  remaining 
cellular  elements  showed  nothing  further  than  a  diffuse  light-green 
colour  in  both  cell  and  nucleus.  I  found,  moreover,  that  the  same 
results  were  obtained  when  the  preparationa  were  iixmvfiic^^  \tl  ^xv 
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alcoholio  solution  of  ammoniam  sulphide  for  twenty-four  honrSy  and 
kept  at  tbe  temperature  of  the  laboratory.  The  pieces  of  tiasne 
remained  for  two  weeks  or  more  in  the  warm  ammoniam  sulphide, 
bat  no  coloar  reactions  appeared  in  the  chromatin  of  the  .cells.  Not 
satisfied  with  the  conditions  ander  which  the  experiments  were 
carried  on,  I  adopted  other  methods.  It  occarred  to  me  that,  if  I  kept 
a  few  cells  for  a  long  time  completely  separated  from  one  another  nnder 
a  cover-glass,  on  a  slide  and  sarrounded  with  ammoniam  sulphide, 
the  reaction  might  come  oat.  To  prevent  the  evaporation  of  the 
ammoniam  salphide,  I  luted  the  edges  of  the  cover  to  the  slide  with 
various  luting  compounds,  only  to  find  that,  in  some  way  or  other, 
the  preparation  spoiled  after  a  day  or  two.  The  luting  method  bein^ 
useless,  I  employed  another  device.  Glycerine,  when  kept  in  oontaot 
with  ammonium  salphide  at  a  moderately  high  temperature  for  some 
time,  does  not  affect  the  latter  reagent,  and  is  itself  unaffected.  I 
teased  out  with  clean  goose-quill  points  on  a  slide  a  small  {Heoe  of  the 
testicle  of  Neoturas^  hardened  in  70  per  cent,  alcohol,  added  a  drop 
of  freshly-prepared  ammoniam  sulphide,  put  on  a  cover-glass,  allowed 
a  drop  of  glycerine  to  run  in  from  its  edge,  and  then  placed  the  slide 
in  a  warm  o^en  with  a  constant  temperature*  of  60°  C.  Here  it  was 
allowed  to  lie  for  three  days,  at  the  end  of  which  time  I  examined  it 
under  the  microscope,  and  found  that,  in  addition  to  that  reaction 
distinctly  present  in  the  cell  body  and  nucleus  of  each  red  corpuscle, 
there  was  one  apparent  in  the  nuclei  of  a  group  of  testicular  cells  at 
one  spot  in  the  preparation.  The  slide  was  replaced  in  the  warm 
ovon,  and  the  daily  examination  of  it  showed  that,  ficcompanying  the 
increase  in  the  number  of  cells  presenting  the  iron  reaction,  there 
was  an  increase  in  the  depth  of  the  coloar  in  those  nuclei  first 
affected,  until,  at  the  end  of  twenty  days,  the  great  majority  of  the 
testicular  naclei  under  a  cover-glass,  16  mm.  square,  manifested  a 
colour  varying  from  light  green  or  greeuish-blue  to  dark-green  or 
black.  Under  a  high-power  objective  the  colour  was  found  confined 
to  the  chromatin  nodules  and  nuclear  network.  After  three  weeks 
the  nuclei  adjacent  to  the  edges  of  the  cover-glass  began  to  lose  their 
stained  appearance,  until,  finally,  the  chromatin  possessed  only  a  rusty 
appearance  due  to  the  formation  of  ferric  oxide,  for,  when  a  mixture  of 
hydrochloric  acid  and  potassic  ferrocyanide  was  allowed  to  run  under 
the  cover,  the  rust-coloured  nuclei  immediately  assumed  a  deep  azure- 
blue  colour.  That  it  was  the  chromatin  alone  in  such  cells  which 
presented  the  reaction  with  ammonium  sulphide  was  abundantly 
shown  in  the  kaiyokinetic  figures  present  in  the  same  preparation. 
The  achromatin  and  cell  substance  were  unaffected. 

£ncoui*aged  by  the  success  of  this  experiment,  I  made  a  number  of 

preparations  from  the  other  organs  of  Nccturusj  hardened  also  in  70 

per  cent  alcohol.    Nearly  all  oi  ihe^Q  yjere  successful,  but  the  time 
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required  for  the  prodacidon  of  the  reaction  varied  greatly.    A  number 
of  conditions  seem  to  assist  in,  or  retard,  and  even  prevent  the  success 
of  the  experiment ;  but  what  are  all  the  favourable  conditions  I  do 
not  know  as  yet.     It  is  certain,  however,  that  there  is  a  proper  pro- 
portion of  glycerine  and  ammonium  sulphide  in  the  miztare  to  be 
added,  and  I  am  at  present  endeavouring  to  determine  what  that  pro- 
portion is.     It  is  also  ascertained  that  the  nucleus  must  be  sur- 
rounded on  all  sides  by  the  mixture,  otherwise  it  very  rarely  shows 
the  reaction.     Where  the  cell  body  is  large,  as,  for  example,  in  the 
semi-matured  ovarian  ova  of  Nectums^   the   reaction  has  not  yet 
appeared ;  while  in  those  very  small  ova,  in  which  the  nucleus,  rich 
in  chromatin,  forms  by  far  the  greater  part  of  the  cell,  the  reaction 
appears  as  readily  as  in  the  testicular  nuclei.    Again,  the  preparation 
may  advance  in  the  reaction  up  to  a  certain  point,  showing  the 
majority  of  its  nuclei  possessing  a  light-green,  greenish- blue,   or 
slate  colour;  when  a  change  occurs,  the   rust-tint  replacing  theso 
colours  in  the  chromatin.     So  far  as  my  experience  goesf  this  happens 
when  too  little  sulphide  has  been  mixed  with  the  glycerine,  or  when 
the  sulphide  used  is  beginning  to  turn  deep  yellow,  or  is  old. 

The  deep-yellow  sulphide  gives  no  reaction  with  nuclei,  even  after 
eight  weeks,  while  the  most  active  is  the  freshly  prepai*ed  reagent. 
This  seems  to  indicate  that  the  process,  by  which  the  iron  is  set  free 
from  the  chromatin,  is  essentially  a  reducing  one,  the  yellow  sulphide 
having  much  less  reducing  power  than  the  coloarless,  or  nearly  colour- 
less, reagent.  In  this  way  we  can  explain  why  the  nucleus  must  be 
completely  surrounded  by  the  reagent,  for  the  reducing  capacity  of 
the  latter  is  limited,  and  a  large  quantity  of  it  must  be  concentrated 
in  its  action  on  some  particularly  small  object.  When,  however,  the 
cellular  elements  are  in  a  mass,  not  even  the  peripherally  placed 
nuclei  are  affected  in  the  manner  described,  but  they  react  when  they 
are  teased  out  and  separated. 

In  some  tissues  there  is  more  or  less  of  albuminate  iron  or  of  a 
deposit  of  inorganic  iron  compounds.  In  such  a  case  the  addition  of 
ammonium  sulphide  gives  a  reaction  immediately.  The  presence  of 
such  compounds  sometimes  offers  a  difficulty,  especially  if  they  happen 
to  occur  in  the  nuclei.  I  guarded  against  confusion  in  all  such  cases 
by  submitting  thin  sections  of  such  tissues  made  with  the  free  hand 
to  the  action  of  a  large  quantity  of  fiunge's  fluid  for  eight  to  ten 
hours.*  Such  sections  also,  if  made  from  alcohol-hardened  tissues 
with  a  clean  steel  knife,  covered  with  absolute  alcohol,  are  not  in  the 

^  This  fluid  oonsifts  of  ninety  Tolumes  of  96  per  cent,  alcohol  and  ten  Tolumes  of 
hydrochloric  add,  25  per  cent,  itrength.    It,  according  to  Bunge,  extracts  all  inor- 
ganic iron  oompounds  and  albuminate  iron  from  egg-yolk,  and  I  have  found  that  it 
remores  all  traoes  of  such  from  sections  of  the  spleen,  liyer,  wid  kidiift^^N«\^OcL 
•nact  immediately  on  the  application  ot  acid  ferrocyanide  ttoV\it^iiA. 
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lightest  degree  impregnated  with  iron  from  the  instmmenfc.  Zaleslri,* 
hae  also  foand  that,  in  sections  of  the  liver  made  in  the  nsnal  waj, 
there  is  nothing  in  the  distrihntion  and  qnantity  of  iron  present, 
different  from  what  is  ohserved  in  sections  of  the  same  piece  of  tissoe 
prepared  with  a  glass  knife. 

Having  ascertained  the  conditions,  generally,  nnder  which  the  pre- 
sence of  iron  is  successfully  demonstrated  in  chromatin,  I  tried  once 
more  the  experiments  with  those  tissues  which  can  readily  he  obtained 
free,  at  least,  from  haBmoglohin.  I  found  that  the  reaction  came  out 
definitely  and  distinctly  with  the  chromatin  of  the  corneal  and 
cutaneous  epitheliom,  and  in  the  nuclei  of  the  cartilage  cells  of 
Nectwma.  Here,  as  in  the  other  instances,  the  time  required  for  the 
production  of  the  reaction  was  found  to  vary  greatly,  and  two  pre- 
parations from  the  same  organ,  e.^.,  the  cornea,  presented  difierences 
in  this  respect. 

I  have  succeeded  in  obtaining  the  iron  reaction  in  the  chromatin  of 
the  cells  of  ftie  fallowing  organs  and  tissues  of  Necturus : — testicle, 
ovary,  gastric  and  intestinal  epithelium,  gastric  and  intestinal  glands, 
pancreas,  liver,  kidney,  cartilage  of  tongue  and  shoulder  girdle,  the 
cutaneous  epithelium,  the  mesenteric  endothelium  and  connectire 
tissue,  and  the  muscularis  of  the  intestine.  I  found  also  the  iron 
reaction  in  the  chromatin  of  red,  white,  and  fusiform  cells  of  the 
blood. 

From  two  human  placentas  of  about  five  and  seven  weeks  respec- 
tively, thoroughly  freed  from  hcemoglobin  before  hardening,  aod 
having  the  appearance  of  bleached  linen,  I  removed  portions,  which 
I  washed  cai>efully  with  a  mixture  of  alcohol  and  sulphuric  acid  to 
deprive  them  of  tracep  of  hsBmatin,  and  subjected  them  to  the  action 
of  warm  ammonium  sulphide  on  the  slide.  The  nuclei  of  all  the 
isolated  epithelial  cells  of  such  gave  a  beautiful  and  intense  iron  re- 
action after  ten  days.  Indeed,  certain  parts  of  the  preparations 
reminded  one  of  the  iodine-green  nuclear  stain,  but  after  being  three 
weeks  in  the  warm  oven,  the  colour  became  gi'eenish-black.  The 
nuclei  of  the  ha?matoblasts  in  the  villi  give  the  iron  reaction  in  twenty- 
four  hours,  and  about  two  to  four  days  are  required  to  show  that  the 
masses  situated  in  the  eosinophilous  amcebocyteR  scattered  through 
the  connective  tissue  of  the  villi  also  contain  iron. 

The  iron  reaction  was  obtained  at  the  end  of  two  weeks  in  the 
nuclei  of  the  epidermal  cells  of  a  footal  kitten  removed  at  about  half 
term  from  the  recently  killed  cat  in  a  way  to  prevent  the  absorp- 
tion of,  or  contamination  with,  hsemoglobin. 

Treatment  of  sections  of  the  placenta  of  the  cat  with  warm 
ammonium  sulphide  also  shows,  as  I  expected,  that  with  the  passage 
of  chromatin  from  the  maternal  to  the  foetal  tissues,  there  is  also  a 

•  Loc.  cit.,  p.  4&'a. 


of  the  Presence  of  Iron  in  Chromatin.  283 

transference  of  iron  to  the  embryo.  At  the  base  of  the*  placental 
mncoBa,  there  are  glands  whose  cellnlar  elements  pass  through  a 
history  not  unlike  in  some  respects  that  of  the  mammary  gland. 
They  proliferate,  eiUarge  in  size,  apparently  extrude  particles  like  fat 
into  the  lumen  of  the  gland,  and  then  they  undergo  chromatolysis. 
The  masses  of  chromatin  set  free  can  be  readily  recognised  in  the 
debris.  In  some  cases  the  upper  wall  of  the  gland  is  broken  through 
by  the  extremity  of  a  villus,  whose  elongated  epithelial  cells  now 
stretch  amceba-like  towards  the  debris,  particles  of  which  they  invag- 
inate,  and  among  these,  chromatin  granules.  The  latter  finally  reach 
the  centre  of  the  villus,  and,  with  the  chromatin  obtained  from  dis- 
integrated maternal  endothelial  cells,  foi'm  there  a  more  or  less 
compact  column  of  chromatin.  When  the  embryo  measures  25  mm. 
in  length,  the  amount  of  chromatin  is  small,,  but  in  considerably 
later  stages  it  is  so  abundant  that,  in  stained  sections  of  30  /n  in 
thickness,  the  masses  formed  of  it  can  be  seen  with  the  naked  eye. 
In  the  younger  placentas  the  chromatin  gives,  with  warm  ammonium 
sulphide,  the  reaction  at  the  end  of  twenty-foar  hours,  but  the  pre- 
sence of  iron  is  not  indicated  by  hydrochloric  acid  and  potassic  ferro- 
cyanide.  In  the  older  placentas,  the  acid  and  ferrocyanide  mixture 
gives  the  iron  reaction  with  the  chromatin  masses  at  once,  as  does 
also  the  ammonium  sulphide.  Now,  the  cliromatin  granules  in  the 
debriii  of  the  glands  at  the-  base  of  the  placentas  do  not  in  any  case 
give  a  reaction  with  the  acid  mixture,  while  with  warm  ammonium 
salphide  they  show  the  presence  of  iron  after  two  days.  From  this 
it  LB  to  be  concluded  that  the  chromatin  of  disintegrated  cells  mani- 
fests more  and  more  readily  as  time  goes  on  the  reaction  with 
ammonium  sulphide,  and  my  experiments  with  this  reagent  on  de- 
generating cells  in  other  organs  confirm  this  conclusion. 

Now  in  such  sections  of  the  placentas,  the  chromatin  of  none  of  the 
ordinary  cells  gives  the  reaction,  even  if  the  sections  are  kept  for 
weeks  in  contact  with  wairm  ammonium  sulphide,  either  in  a  bottle 
or  under  a  covered  glass.  If  the  cells  are  teased  out  from  one  another, 
so  that  they  lie  free  and  separate  under  the  cover,  the  reaction  is 
obtained  in  each  in  about  ten  days,  and  it  is  as  distinct  as  in  the 
chromatin  granules  in  the  glandular  debris,  or  as  in  the  masses  in  the 
central  parts  of  the  villi. 

I  have  also  obtained  the  iron  reaction  in  the  chromatin  in  the  intes- 
tinal cells  and  the  maturing  ova  of  Oniscns,  in  the  nuclei  of  the 
maturing  ova,  and  of  the  spermatozoids  of  Ascaris  mystax,  and  in  the 
Kmaller  cells  of  the  larvas  of  a  species  of  Chironomus  fonnd  on  the 
stones  in  running  water  in  the  neighbourhood  of  Toronto  in  winter. 
The  cells  of  the  salivary  gland  of  the  latter  animal  are  too  large  to 
give  the  reaction  readily,  and,  as  I  write,  it  has  only  now  begun  to 
appear  in  the  nucleolaa  in  which  the  cbromatui  %[\sjnfiiii\*  Vi^ttcccci^dKfife^* 
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Iq  the  smaller  cells,  the  reaction  seems  to  differentiate  between  tbe 
chromatin  and  linin  parts  of  the  filament. 

I  maj  state  also,  that  by  this  method  the  iron-holding  componnd 
of  the  muscle-fibre  in  Oniscus  is  foand  to  be  confined  to  its  dim 
bands. 

I  have  repeatedly  employed  the  hydrochloric  acid   and  potassic 
ferricyanide  miztare  to  show  that  the  green  or  greenish -black  com- 
pound resulting  in  the  nuclei  from  the  action  of  ammonium  sulphide 
is  ferrous  sulphide.     For  this  purpose,  the  nuclei,  which  are  rich  in 
chromatin,  e.g.,  those  of  the  testicular  cells  and  of  the  immature 
ovarian  ova  in  Necturus^  are  the  best.     Usually  I  washed  out  the 
glycerine  and  sulphide  mixture  from  under  the  cover-glass  by  the 
addition  of  a  large  drop  of  a  mixture  of  equal  parts  of  glycerine  and 
water,  and,  after  some  hours,  when  it  had  run  under  the  cover,  a 
strip  of  paper  touching  the  opposite  side  drained  away  a  portion  of 
this.     A  repetition  of  this  process   several  times  left  very  little 
sulphide,  and,  very  often,  few  cells  under  the  cover.     The  addition 
now  of  a  drop  of  a  mixture  of  weak  hydrochloric  acid,  knd  of  freshly 
prepared  potassic  ferricyanide  led  to  the  formation  in  the  previously 
green  or  greenisb-black  nuclei  of  a  deep  aznre-blue  colour,  strictly 
limited  to  the  parts  originally  affected  with  the  ammonium  sulphide. 
This  reaction  is  sharp,  and  comes  out  almost  immediately,  whereas 
when  hydrochloric  acid  and  potassic  ferrocyaiiide  are  used,  the  blue 
reaction  comes  out  in  about  half-an-hour,  and   the  colour  seems  to 
diffuse  through  the  nucleus  and  sometimes  into  the  cell.     The  acid 
and  ferricyanide  mixture  I  have  also  employed   successfully  on  the 
nuclei  of  the  cutaneous  epithelium,  and  of  the  hepatic,  gastric,  intes- 
tinal, and  pancreatic  cells  of  Necturus,  which  had  previously  reacted 
with  ammonium  sulphide.     In  no  case  was  it  found  that  the  imme- 
diate application  of  the  acid  reagent  mentioned,  or  of  acid  ferro- 
cyanide  solution,  gave  the  slightest  reaction  with  those  species  of 
nuclei  which  required  a  more  or  less  lengthy  contact  with  ammonium 
sulphide  in  order  to  develop  the  iron  reaction.     In  every  particular 
instance  referred  to,  the  latter  reagent  had  to  be  employed  to  decom- 
pose the  chromatin,  and  set  free  its  iron  as  sulphide,  and  the  acid 
mixtures  then,  and  then  only,  gave  a  deep  azure-blue  colour. 

Now  it  might  be  urged  that  this  iron  reaction  is  due  to  hae^matin 
or  an  allied  iron  compound.  The  observations  which  I  now  proceed 
to  detail  will,  I  think,  completely  meet  this  objection. 

Believing  that  if  iron  enters  into  the  composition  of  the  chromatin 
of  the  animal  cell,  it  must  be  also  present  in  that  of  the  vegetable 
cell,  I  asked  Mr.  Bensley  to  employ  my  method  in  studying  the  dis- 
tribution of  iron  in  the  latter.  His  investigations,  so  far  as  they 
have  gone,  have  confirmed  mine,  since  he  has  found  that  the  chro- 
matin  of  the  pollen  cells  of  Dianthus,  CucurbUa,  NaTcUam^^jcA^l  the 
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cells  of  pollen  sacs  of  HyctGinthus^  all  fixed  in  alcohol,  gire,  with 
several  days'  application  of  warm  ammoninm  snlphide,  under  the 
cover-glass,  a  greenish-bine  or  a  dark  green  reaction. 

We  have  observed  that  the  chromatin  of  the  karjokinettc  fignres 
in  the  pollen  grains  of  Cucurhita  shows  an  intense  coloration  with 
ammonium  snlphide.  It  has,  moreover,  been  found  that  there  is  here, 
as  shown  by  the  application  of  staining  reagents  (Ehrlich's  heema- 
tozylin  and  Gzokor's  alum  cochineal),  a  difEusion  of  the  chromatin 
from  one  of  the  two  nuclei  of  the  maturing  pollen  grain  into  the 
pollen  cell,  and  this  diflPusion  continues  till,  finally,  there  is,  com- 
paratively, little  chromatin  left  in  the  shrunken  nucleus.*  While 
the  diffasion  is  taking  place,  the  chromatin  is  more  abundant  in  the 
immediate  neighbourhood  of  the  nucleus.  Now  in  such  maturing 
pollen  grains,  hardened  in  alcohol,  there  is  produced  by  ammonium 
sulphide  after  several  days'  stay  in  the  warm  oven,  an  iron  reaction, 
corresponding  in  intensity  and  distribution  with  the  colour  produced 
by  the  staining  reagents,  diffase  in  the  nuclens,  strongly  marked  in 
its  neighbourhood,  and  slightly  at  the  periphery  of  the  cell.  As  the 
maturation  of  the  pollen  grain  progresses,  the  iron  reaction  is  more 
readily  obtainable,  and,  when  the  maturation  is  apparently  complete, 
the  pollen  cell  gives,  with  freshly  prepared  ammonium  sulphide,  in  a 
few  hours  a  light  green  reaction  which  becomes  but  a  shade  deeper 
after  several  days'  stay  in  the  warm  oven. 

Mr.  Bensley  has  also  been  able  tp  determine  with  the  f errocyanide 
mixture  the  passage  of  iron  salt  along  the  bast  portion  of  the  fibro- 
vascular  bundles  in  the  ovary  after  the  opening  of  the  flower,  and  he 
has  traced  these  iron  salts  in  sections  of  the  ovary  through  the  raphe 
of  the  ovules  up  to  the  boundary  line  of  the  latter.  Beyond  this  point 
the  iron  salts,  if  they  advance,  become  hidden  or  disposed  of  in  such 
a  way  that  they  no  longer  give  reactions  with  acid  solutions  of  potassic 
ferrocyanide  or  ferricyanide.  .  Nor  do  sections  of  the  ovules  show  any 
reaction  with  warm  ammonium  sulphide,  either  under  a  cover-glass 
or  in  the  bottle.  Taught  by  the  experiments  on  animal  cells,  I  teased 
out  with  goose-quill  points  sections  of  the  ovules  in  ammonium  sul- 
phide and  glycerine  on  the  slide,  so  far  as  to  isolate  the  various  parts 
of  the  ovule,  and,  after  keeping  the  preparation  in  the  warm  oven 
for  three  days,  the  nuclei  of  nearly  all  the  separate  and  individual 
cells  showed  a  dark  green  reaction,  which  was  due  to  the  presence  of 
iron,  as  the  application  of  a  mixture  of  dilute  hydrochloric  acid  and 
potassic  ferricyanide  proved.     I  have  been  able  in  this  way  to  deter- 

*  A  similar  diffusion  of  nuclear  substanoe  into  the  pollen  cell  takei  place, 
aooording  to  Strasburger,  in  those  Angiosperms  in  which  each  pollen  grain  develops 
immeroas  pollen  tubes  (*  Sitzungsber.  der  Niedenrhein.  G^sell.  fur  Natur-  und  Heil- 
knnde/  December,  1882,  referred  to  in  Just's  '  Botanische  Jahresberichte '  for  tbnit 
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mine  the  presence  of  iron  in  the  chromatin  of  a  larg^  number  of 
vegetable  cells. 

I  asked  Mr.  J.  J.  MacKenzie  to  undertake  the  study  of  the  distn- 
bntion  of  iron  in  fungi  and  algSB,  and  very  encouraging  have  been, 
so  far,  the  results  of  his  examination.  He  has  found,  for  example, 
that  in  the  gonidia  of  Cystopus  candidus,  hardened  in  alcohol,  the 
application  of  warm  ammonium  sulphide  and  glycerine  on  the  slide 
for  eight  days  brings  out  the  presence  of  four  or  more  blue-green, 
round  bodies,  measuring  1'6  /a  in  diameter,  and  corresponding  to  the 
nuclei  of  the  zoogonidia,  the  rest  of  the  protoplasm  of  the  gonidia 
remaining  absolutely  uncoloured.  The  coloured  parts  gave  one  the 
impression  as  if  the  gonidia  had  been  given  a  purely  nuclear  stain 
with  iodine-green.  Mr.  MacKenzie  has  also  observed  interesting 
results  following  the  employment  of  ammonium  sulphide  on  some 
blae-green  algae,  which  indicate  that  here  also  there  is  a  substance 
liko  chromatin  in  firm  combination  with  iron. 

I  think  that  enough  has  been  advanced  to  show  that  my  view,  that 
the  chromatin  of  every  cell,  animal  and  vegetable,  is  an  iron-holding 
compound,  is  one  which  is  now  capable  of  proof.  I  cannot  assert 
that  it  is  proved  as  yet,  since  I  am  aware  that  that  can  only  be  done 
after  an  extensive  senes  of  observations  made  and  careful  work 
performed.  Mr.  MacKenzie,  Mr.  Bensley,  and  myself  are  continuing 
the  investigations  outlined,  and  we  hope  before  long  to  be  in  a 
position  to  bring  forward  an  abundance  of  interesting  facts,  which 
are  now  accumulating,  and  of  which  those  given  here  are  examples. 

1  forego  any  speculation  as  to  the  bearings  which  my  observations 
may  have  on  our  knowledge  of  animal  and  vegetable  metabolism.  I 
content  myself  here  with  referring  briefly  to  the  condition  in  which 
the  iron  is  present  in  the  chromatin.  As  stated  already,  I  have 
found  that  the  heemoglobin  of  Amphibia  is  formed  from  the  chromatin 
of  the  haematoblasts.  This  would  seem  to  indicate  that  the  iron  is 
attached  in  the  chromatin  molecule  to  an  atom-group  somewhat  like 
that  of  hfiematin.  As  the  oxygen-carrying  property  of  heemoglobin 
is  generally  attributed  to  the  presence  of  the  ii'on  in  it,  we  may  ask 
ourselves  whether  tiio  chemical  processes  in  the  chromatin  of  the 
living  cell  ai*e  duo  to  a  constant  alternation  of  the  oxidised  and 
reduced  conditions  of  the  iron  in  the  chromatin  molecule.  As  hemo- 
globin results  from  degeneration  or  disintegration  of  chromatin,  we 
would  naturally  expect  to  find  in  it  one  or  otlier  condition  specially 
prominent.  The  more  stable  condition  is  that  of  oxidation.  It  is 
possible  that  in  living  chromatin  the  conditions  are  more  I'eadily 
interchangeable,  and  that  therein  lies  a  basis  for  a  theory  of  those 
chemical  processes  of  the  cell  which  are  grouped  under  the  term 
**  vital." 
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The  ohject  which  I  have  kept  in  view  in  the  research,  the  first 
results  of  which  are  described  in  this  paper,  has  been  to  ascertain  as 
far  as  possible  what  substances  are  really  present  in  the  watery 
extract  of  fresh  muscle,  and  which  of  the  substances  commonly 
described  as  being  present  in  it  are  really  due  to  changes  taking 
place  in  the  flesh  during  the  processes  of  analysis — in  short  which 
of  the  substances  obtained  from  flesh  are  eductsj  and  which  are  mere 
products  therefrom. 

And,  in  this  investigation,  I  have  been  on  my  guard  against  two 
great  sources  of  error,  viz. : — 

I'st.  Changes  produced  in  the  ingredients  of  the  muscle-substance 
by  chemical  agents  and  chemical  or  physical  forces  generally ;  and 

2ndiy.  Changes  bronghtr  about  by  bacterial  action. 

This  latter  source  of  error  seems  to  me  of  extreme  importance,  since 
it  is  now  well  known  that  profound  changes  are  effected  in  the  com- 
position of  such  susceptible  bodies  as  flesh  through  the  agency  of 
bacteria,  long  before  those  grosser  effects  are  produced  which  lead  to 
the  development  of  foetid  gases,  &c.,  and  which  are  commonly  de- 
scribed as  "  putrefaction." 

Accordingly,  I  shall  describe  my  experiments  in  the  order  in  which 
they  ai-e  carried  out,  viz. : — 

1st.  Preliminary  experiments,  which  are  especially  designed  to 
exclude  the  first  source  of  error ;  and 

k     2udly.  Experiments  designed  so  as  to  exclude,  as  far  as  possible, 
botli  sources  of  error. 

1st.    Preliminary  Experiments, 

It  is  well  known  that  when  kreatinin  is  kept  in  a  watery  solution, 
whose  reaction  is  alkaline,  at  the  boiling  temperature  for  a  length  of 
time,  the  base  is  gradually  converted  into  kreatine  by  assimilating  to 
itself  the  elements  of  water. 

Now,  in  Liebig's  process  for  preparing  kreatine  from  flesh,  the 
i*adical  of  phosphoric  acid  is  precipitated  from  the  watery  extract  of 
the  muscle-substance  by  addition  of  baryta- water,  so  long  as  any 
precipitate  occurs ;  one  result  of  which  treatment  is  that  the  liquid 
becomes  strongly  alkaline.  It  has,  therefore,  been  suggested  that 
daring  the  concentration  of  the  alkaline  aolutiou  an^  Yt^mxvai  w^^- 
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nally  present  in  the  floRli  extract  would  undergo  conversion  into 
kreatine,  and  consequently  that  the  kreatine  which  is  nltimately 
obtained  may  have  resulted  either  partly  or  entirely  from  a  conver- 
sion of  kreatinin  into  kreatine,  in  short  that  the  kreatine  is  a  mere 
product  from  the  flesh,  not  a  true  educL  My  first  experiment  was 
designed  to  test  this  theory. 

Experiment  I. — 70  lb.  of  fresh  butcher's  beef  was  finely  cut  up  by 
a  sausage  machine,  after  being  freed  as  far  as  possible  from  fat  and 
bone,  and  thoroughly  incorporated  with  water  by  hand-kneading. 
By  means  of  a  specially  designed  screw-press,  which  was  made  for 
me  by  Messrs.  Farrow  and  Jackson,  the  aqueous  extract  was  removed 
from  the  fibre.  This  process  was  repeated  with  fresh  additions  of 
water,  until  four  extracts  were  obtained,  each  extract  being  sepa- 
rately examined. 

The  albuminoid  substances  were  separated  from  all  the  extracts  by 
heat  (about  80°G.),  most  of  the  colouring  matter  being  carried  down 
by  the  coagulated  albumen.  The  filtrates  were  then  concentrated  fay 
evaporation  over  steam,  until  a  scum  began  to  form  upon  the  surface, 
after  which  the  further  concentration  was  effected  in  vacuo  over 
sulphuric  acid,  by  means  of  a  Garry's  freezing  machine.  No  chemical 
agent  was  added  to  any  of  the  extracts  at  any  time,  until  the  con- 
centration was  complete. 

In  each  case  the  residue  obtained  by  concentrating  these  extracts 
was  partly  crystalline  and  partly  gelatinous. 

Complete  separation  of  the  crystalline  from  the  amorphous  matter 
was  readily  effected  by  means  of  dilate  alcohol,  which  left  the  crystal- 
line matter  undissolved. 

Finally,  by  fractional  crystallisation  from  water,  the  crystalline 
matter  was  resolved  into  an  organic  and  an  inorganic  substance. 

The  organic  crystals  were  kreatine. 

The  inorganic  salt  was  acid  pota^siam  phosphate,  KH3PO4. 

The  results  of  this  experiment  prove — 

Ist,  that  kreatine  may  be  obtained  from  the  watery  extract  of  flesh 
whose  natural  acidity  has  not  been  chemically  neutralised,  so  that 
hydrolytic  conversion  of  kreatinin  into  kreatine  is  most  improbable; 
and, 

2ndly,  that  the  presence  of  phosphates  in  solation  does  not  inter- 
fere— as  has  been  ptated  to  be  the  case  by  some  observers — with  the 
crystallisation  of  kreatine  from  extract  of  flesh. 

Inasmuch  as  I  am  not  aware  that  acid  pctassiam  phosphate  has 
been  actnally  obtained  in  crystals  from  the  watery  extract  of  muscle 
hitherto,  I  have  thought  it  advisable  to  give  analytical  results  which 
prove  the  identity  of  the  substance. 

The  salt  is  much  more  soluble  in  water  than  the  kreatine  with 
which  it  ia  associated,  ao  tbat  tiie  &Q^%x«ki^\oxi  ol  \i\i^  two  substances  is 
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fj.  It  occars  in  hard  glistening  anbydrons  piisnis  nsnally  radiat- 
l  from  a  common  centre.  The  aqneons  solntion  of  these  crystals  is 
Id  to  litmus  and  ^ves  a  yellow  precipitate  on  addition  of  silver 
irate  solntion.  This  precipitate  (AgjPOi)  is  mnch  increased  on 
refally  neutralising  the  liqaid  with  ammonia. 

When  heated  the  crystals  lose  water  and  fuse.  The  f ased  mass 
ssolves  slowly  in  water  to  a  neiUral  solntion,  which  gives  a  white 
ccnlent  precipitate  with  silver  nitrate  (AgPOs). 

1*349  grams  of  the  crystals  lost  0*1835  gram  of  HsO  on  ignition, 
corresponding  with  13*602  per  cent  of  the  original  weight. 

According  to  the  equation  EIHaPOi  =  KPOs  -}-  H,0,  the  crystals 
:>nld  theoretically  lose  13*22  per  cent. 

0*985  gram  of  the  crjrstals  gave  2*999  grams  of  AgjPOi,  corre- 
sponding with  0*680  gram  PO4,  t.e.,  6903  per  cent.  PO4. 

The  filtrate  from  the  AgsPO*  was  freed  from  silver  by  HCl,  and 
le  K  in  the  filtrate  converted  into  KsSOa  by  H3SO4,  evaporation,  &c 

The  weight  of  KaSO*,  obtained  from  0*985  gram  of  the  KH.PO*, 
as  0*6652  gram,  which  corresponds  with  0*2986  gram  of  potassium, 
•  30-31  per  cent.  K. 

The  hydrogen  in  the  salt  was  determined  by  titration  with  lime- 
ater  of  known  strength.  0*112  gram  of  the  salt  was  neutralised  by 
05739285  gram  of  Ca(HO)a. 

According  to  the  equation  3KH8PO«-»-3Ca(HO),  =  Ca3(P04),+ 
[3P04-|-6HaO,  this  result  indicates  0*00155  gram  of  hydrogen,  or 
'38  per  cent,  of  hydrogen. 

These  results  agree  with  the  formula  KH2PO4. 

Bequired  for  EH2PO4.     Found. 
Loss  of  HaO  on  ignition 13*22  13*602 

K 28*72  30*31 

H 1-47  1*38 

PO4 69-81  69*03 

100*00  100*72 

The  preparation  of  pure  acid  potassium  phosphate  from  the 
atery  extract  of  flesh  is  especially  interesting  as  showing  how  a 
lere  product  may  be  taken  for  an  educt. 

It  is  well  known  that  Liebig  has  described  potassium  chloride  as  a 
mstitnent  of  fresh  muscle  substance ;  and  no  doubt  many  observers 
ho  have  followed  out  his  process  for  the  preparation  of  kreatine 
ave  obtained  cubical  crystals  of  potassium  chloride  on  treating  the 
lother  WqxiorB  from  the  kreatine  with  a\colio\.    l\i^^e  Tci^^^i  Tk«^«t 
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failed  to  obtain  this  salt  after  the  use  of  baryta- water,  aa  directed  by 
Liebig. 

Bat  the  action  of  baryta- water  on  the  watery  solution  of  EIHsPOa 
would  be  represented  thus — 

2KH2P04+3Ba(HO)a  =  Ba3(P04)3+2KHO-}-4H,0. 

And  the  potassic  hydrate  thus  produced  would  of  course  decompose 
the  hydrochlorides  of  any  organic  bases  present  in  the  solution, 
forming  potassium  chloride  and  liberating  the  bases.  The  KGl, 
therefore,  would  be  a  product,  not  an  eductyfrwn  the  flesh. 

Experiment  II. — This  was  a  preliminary  experiment  made  with 
50  lb.  of  butcher's  beef,  in  order  to  ascertain  the  action  of  mercxtrio 
chloride  in  aqueous  solution.  Briefly  summed  up,  the  results  were  as 
follows : — 

The  addition  of  a  sufficient  quantity  of  mercuric  chloride  solution 
to  the  watery  extract  of  fresh  beef  causes  complete  and  instantane- 
ous precipitation  of  the  albaminoid  constituents  and  of  the  whole  of 
the  colouring  matter. 

The  filtrate  from  the  coloured  albuminous  precipitate  deposits,  on 
standing,  a  spherical  mercury  salt,  isomorphons  with  the  spherical 
mercury  salt  of  urinary  kreatinin  described  by  me  in  the  *  Roy.  Soc. 
Proc.,'  vol.  43,  pp.  493—534. 

This  spherical  mercury  salt  yields  a  kreatinin  isomorphous  with 
the  tabular  kreatinin  of  urine,  when  subjected  to  similar  treatment  to 
that  described  in  my  paper  quoted  above. 

Encouraged  by  these  results,  I  determined  to  apply  the  mercuric 
chloride  method,  which  I  had  formerly  made  use  of  in  examining  the 
kreatinin  of  urine,  to  the  examination  of  the  bases  in  the  juice  of 
flesh. 

2nd,  Experiments  Designed  to  Exclude  Errors  due  to  Bact^al  Actiotiy 
as  well  as  those  due  to  Chemical  and  I'hysical  Action. 

Before  descHbing  these  experiments,  I  will  briefly  indicate  some  of 
the  special  advantages  possessed  by  what  I  have  called  the  '*  mer- 
curic chloride  method  "  for  the  examination  of  organic  bases. 

The  method  itself,  as  applied  to  rtie  examination  of  urine,  is  fully 
described  in  my  paper  quoted  above.  It  enabled  me  to  isolate  fix)m 
human  urine  what  I  believe  to  be  the  excrement itious  kreatinin 
which  has  always  been  secreted  by  the  human  kidney,  but  whose 
properties  I  was  the  first  to  describe. 

Perhaps  the  claims  of  my  method  to  excellence  in  preparing  an 
educt  will  be  best  appreciated  by  comparison  with  other  methods,  as 
in  the  following  table. 
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Methods  for  Isolation  of  Kreatinin  from  Urine. 


I. 

Heintz 
and  Petteakofer. 


11. 

Liebig. 


Fresh  urine  neu- 
tralised with  sod- 
ium carbonate, 
eraporaied  to  a 
syrup.  Syrup  ex- 
hausted with  alco- 
hol, and  alcoholic 
zinc  chloride  added. 


Fresh  urine  neu- 
tralised with  milk 
of  lime.  Calcium 
chloride  added  to 
complete  precipi- 
tation. Filtrate 
cTaporated  till  the 
salts  crystallise 
out.  Zinc  chloride 
added  to  the  liquor. 
Kreatinin  zinc 
chloride  dissolred 
in  boiling  water 
and  treated  with 
lead  hydrate  at 
the  boiling  tempe- 
rature. Filtrate 
evaporated. 


Product,  kreat- 
inin mixed  with 
kreatine. 


ITI. 
Maly. 


Urine  evaporated 
to  -^rd  of  its  ori- 
ginal bulk.  Lead 
acetate  added.  Fil- 
trate freed  from 
lead  by  H^.  Fil- 
trate neutralised  bv 
sodic  carbonate  and 
precipitated  by 
mercuric  chloride. 
Precipitate  sus- 
pended in  water, 
and  decomposed  by 
H9S.  Filtrate  eva- 
porated. Residue 
recrvstallised  from 
alconol. 


Product,  kreatin- 
in hydrochloride. 


IV. 
The  Author. 


Fresh  urine  + 
Mil  of  its  volume 
01  cold  saturated 
solution  of  sodic 
acetate,  •••  ith  of  its 
volume  of  cold 
saturated  solution 
of  mercuric  chlor- 
ide. Filter  im- 
mediately. Collect 
the  precipitate 
which  forms  in  the 
filtrate  in  48  hours. 
Decompose  the 
Hg  salt  by  H9S 
underwater.  Treat 
filtrate  with 

Pb(HO)j  at  ordi- 
nary temperature. 
Evaporate  filtrate 
in  vacuo  over 
H,S04. 


Product,  efflo- 
rescent urinary 
kreatinin. 


The  following  is  a  brief  summary  of  the  advantages  possessed  by 
the  mercuric  chloride  method,  which  render  it  peculiarly  applicable 
to  the  case  of  such  an  easily  changed  substance  as  fresh  mascle : — 

1.  The  germicidal  action  of  mercuric  chloride  is  so  powerful  that, 

if  added  in  sufficient  quantity,  bacterial  action  is  rendered 
impossible. 

2.  It  removes  from  solution  at  once  the  more  putrescible  consti- 

tuents of  the  liquid  (albuminoid  matters). 

3.  It  precipitates  kreatinin  gradually,  so  as  to  allow  of  separation 

of  that  base  as  mercury  salt,  and  of  subsequent  isolation  of  the 
base  itself,  without  any  application  of  beat. 

4.  By  removing  from  solution  the  putrescible  substances,  it  favours 

the  isolation  of  any  bases,  &c.,  which  it  does  not  precipitate, 
inasmuch  as  these  substances  are  protected  by  it  from  any 
dang^  of  alteration  by  bacterial  action. 


Having  thus  indicated  my  reasons  for    adoptm^  \tV\!&  Tn^tc^oLTv^ 
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cliloride  method  in  examining  the  hases  in  the  juice  of  flesh,  I  will 
now  describe  the  details  of  my  experiments,  in  which  both  bacterial 
action,  and  change  dae  to  chemical  agents  have  been  avoided  as  far  as 
possible. 

The  two  experiments  described  above  were  made  with  ordinary 
batcher's  meat;  and,  although  the  substance  was  not  of  course 
grossly  putrid,  I  had  no  precise  knowledge  of  the  date  of  the  death 
of  the  animals  which  supplied  it,  and  consequently  no  knowledge  of 
the  duration  of  exposure  of  the  flesh  to  aerial,  i.e.,  to  bacterial, 
influences. 

I  was  enabled  to  overcome  this  difficulty,  and  to  avoid  this  nncer- 
tainty,  by  the  kind  help  of  Professor  G.  T.  BrowB,  who  volunteered  to 
obtain  for  me  a  healthy  animal  at  the  Royal  Yeierinary  College,  and 
to  allow  me  to  commence  my  experiments  in  the  chemical  laboratory 
at  that  institution. 

Expenmentf  commenced  at  the  Eoyal  Veterinary  College. 

A  healthy  cow  was  killed  at  10.45  a.m.  on  Thursday,  January  3, 
1889. 

I  am  indebted  to  Professor  G.  T.  Bi'own  for  the  following  account 
of  the  mode  in  which  the  animal  was  killed : — "  The  cow  was  killed 
by  an  expert  slaughterman  from  the  Metropolitan  Abattoirs  at 
Islington.  As  your  object  was  to  free  the  system  from  blood  as 
quickly  and  completely  as  possible,  the  animal-  was  rendered  uncon- 
scious by  a  single  blow  from  the  poleaxe,  and  instantly  the  large 
vessels  emerging  from  the  front  of  the  chest  were  divided.  The 
death  of  the  cow  was  almost  instantaneous.'' 

Professor  Brown  examined  the  internal  organs,  and  assured  me 
that  he  bad  found  no  trace  of  organic  disease  in  any  of  them. 

The  flesh  was  removed  at  once  from  the  carcass,  and  brought  to 
me  whilst  still  warm. 

After  chopping  some  of  it  finely,  I  endeavoured  to  express  juice 
from  it  with  my  specially  constructed  screw  press,  but  not  a  drop 
could  be  obtained.  It,  therefore,  became  necessary  to  add  water  to 
the  macerated  muscle. 

30  lb.  (=  1362  kilograms)  of  the  finely-chopped  flesh  was  minced 
thoroughly  by  kneading  with  the  fingers  with  6  litres  (5  kilograms) 
of  water.  This  was  done  at  12  noon  January  3.  At  3  p.m.  on  the 
afternoon  of  the  same  day  the  expression  of  the  juice  was  commenced, 
and  was  completed  at  5.30  p.m.,  i.e.,  rather  less  than  seven  howrs  after 
the  death  of  the  animal.  In  all  2500  c.c.  of  a  red  liquid  was  squeezed 
out,  mixed  with  3750  c.c.  of  a  solution  of  mercuric  chloride,  saturated 
at  15°  C,  and  filtered  immediately.  Both  precipitate  and  filtrate  were 
of  course  preserved.    From  this  lime  onwards  the  substances  obtained 
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from  these  30  lbs.  of  beef  were  free  from  all  danger  of  change  by 
bacterial  action ;  and  the  source  from  which  the  extract  was  made  had 
been  exposed  to  bacterial  action  for  only  seven  hours.  This  extract 
will  be  spoken  of  as  *'  portion  A." 

The  muscle  fibre  from  which  the  above  extract  was  taken  was 
left  in  a  porcelain  bath  all  night  (the  weather  was  very  cold  at  the 
time),  and  no  more  water  was  added  to  it. 

Oh  Friday,  January  4,  this  fibre  was  again  put  through  the  press, 
and,  although  as  much  as  possible  had  been  squeezed  out  of  it  on  the 
previous  day,  and  no  more  water  had  been  added,  an  additional 
3750  C.C.  of  a  red  liquid  was  obtained. 

The  total  volume  of  liquid  obtained  from  these  80  lbs.  of  flesh 
amounted,  therefore,  to  6250  c.c,  whilst  the  volume  of  water  added 
was  5000  C.C.  Therefore,  1250  c.c.  of  actual  juice  must  have  been 
expressed  from  13'62  kilograms  of  flesh,  i.e.,  the  juice  obtained  was 
about  -xV^^  of  the  weight  of  the  flesh  taken. 

This  secbnd  portion  of  juice  was  not  mixed  with  portion  A,  but 
2250  c.c.  of  the  mercuric  chloride  solution  was  added  to  it  at  1  p.m. 
on  Friday  afternoon,  and  it  was  filtered  at  once.  The  precipitate  and 
filtrate  were  preserved  and  labelled  *'  Portion  B."  The  utmost 
exposure  to  bacterial  action  undergone  by  portion  B  was  twenty-six 
hours. 

So  far  there  is  evidence  that  one  result  of  bacterial  action  is  to 
render  the  muscle  substance  more  fluid. 

The  following  four  portions  of  flesh  from  the  same  cow  were 
extracted  with  water,  and  the  extracts  mixed  together  in  one  large 
vessel  with  mercuric  chloride  solution : — 

(1.)  22  lb.  8  oz.  +  4  litres  of  water  at  4  p.m.  on  Thursday 
January  3,  and  left  all  night. 

Expressed  5220  c.c.  of  red  liquid  (of  which  1220  c.c,  or  about  yV^^ 
of  the  flesh,  must  have  been  juice)  at  3  p.m.  on  Friday,  and  added 
2000  C.C.  of  HgC)  ^solution. 

(2.)  18  lb.  12  oz.  (=  8*576  kilograms)  of  flesh  +  3  litres  of  water 
at  1.30  p.m.  on  Friday,  January  4. 

Expressed  3700  c.c.  of  red  liquid  (of  which  700  c.c,  or  -;V^^  ^^ 
weight  of  the  flesh,  must  have  been  juice)  at  6  p.m.  on  Friday, 
January  4,  and  added  2000  c.c.  of  HgCla  solution. 

(3.)  22  lb.  8  oz.  (=  10*215  kilograms  of  flesh)  +  3  litres  of  water 
at  4  P.M.  Friday. 

3000  c.c.  of  red  liquid  squeezed  out  at  8  p.m.  Friday,  and  2000  c.c. 
of  HgClt  added. 

(4.)  22  lb.  8  oz.  of  flesh  +  3300  c.c.  of  water. 
Expressed  3100  c.c.  of  red  liquid  at  9  p.m.  on  Friday,  January  4, 
and  mixed  with  2000  c.c.  of  HgCls  solution. 

The  juice  from  these  last  four  portions  waa  uvizi^d.  ^^VWi  NXv^  isi&t- 
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caric  chloride  in  one  vessel,  and  this  mixed  extract  will  be  described 
as  "  portion  C."  The  entire  weight  of  flesh  contributing  to  portion  C 
amounted  to  86  lb.  4  oz.  (=  39*22  kOograms),  and  the  duration  of  expo- 
sure to  bacterial  action  varied  from  26  to  34  hours.  After  standing  a 
week,  the  turbid  liquid  was  filtei*ed.  Filtrate  and  precipitate  both 
preserved,  and  labelled  ''  Portion  C."  Altogether,  then,  I  succeeded 
in  working  up  116  lb.  4  oz.,  or  52*84  kilos.,  of  lean  muscle-fibre  from 
the  cow. 

In  this  paper  I  shall  describe  only  the  results  obtained  from  the 
examination  of  the  three  filtrates  afler  addition  of  mercuric  chloride, 
viz.,  portions  A  (exposed  7  hours  to  air),  B  (exposed  26  hours  to 
air),  and  C  (exposed  34  hours  at  most). 

My  endeavour  has  been  to  treat  these  three  filtrates  in  exactly  the 
same  way  as  far  as  possible,  so  as  to  avoid  introducing  any  change  in 
one  of  them  by  an  agency  to  whose  influence  the  others  were  not 
exposed.  By  these  means  I  should  feel  justified  in  attributing  any 
difference  between  the  products  obtained  to  bacterial  action  upon 
the  flesh  before  the  addition  of  the  antiseptic  mercuric  chloride 
solution.  One  change  took  place  in  all  the  three  solutions,  viz.,  the 
very  gradual  separation  of  a  white  precipitate,  which  appeared 
granular  macroscopically,  and  which  consisted  of  minute  spheres  of 
perfect  transparency  when  examined  microscopically.  In  short,  all 
the  filtrates  gradually  deposited  a  spherical  mercury  salt  isomorphons 
with  the  mercury  salt  of  the  kreatinin  of  urine. 

These  precipitates  were  not  finally  separated  by  filtration  until 
the  liquid  had  in  each  case  ceased  to  deposit  the  spherical  compound. 

The  spherical  precipitate  was  separated  from  portion  A  in  April, 

1890,  washed,  dried  at  the  ordinary  temperature,  and  weighed.     Its 
weight  was  44*16  gi*ams. 

The  spherical  compoond  was  separated  from  portion  B  in  February, 

1891.  Its  weight  was  28*01  grams. 

The  spherical  compound  was  separated  from  portion  C  in  January, 
1890.     Its  weight  was  76*5  grams. 

The  three  filtrates  from  these  precipitates  all  remained  perfectly 
clear  on  standing  for  not  less  than  a  week  in  each  case,  showing 
that  the  mercuric  chloride  still  in  solution  had  no  further  power 
to  cause  formation  of  insoluble  compounds. 

•  It  is  remarkable  that  the  precipitates  from  A  and  B,  which  c<>n- 
tain  the  extracts  from  30  lb.  of  flesh,  weigh  together  nearly  as 
much  as  the  entire  precipitate  from  portion  C,  which  is  derived 
from  86  lb.  4  oz.  of  flesh.  This  lesser  proportional  weight  of  Hg 
precipitate  from  the  portion  C  cannot  be  accounted  for  by  the  delay 
of  a  week  in  the  filtration  of  the  first  precipitate  by  the  mercuric 
chloride,  because  the  separation  of  the  spherical  precipitate  is  so 
extremely  slow  in  the  case  of  the  Neater y  extract  of  flesh.     The  ex- 
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planation  of  thin  elimination  in  the  weight  of  spherical  mercniy  salt 
obtained  from  portion  C  must  therefore  be  sought  in  the  more  pro- 
longed exposure  of  the*  flesh  from  which  this  extract  was  obtained 
to  bacterial  influences. 

The  spherical  mercury  salts  obtained  as  above  were  decomposed 
by  HsS  under  water,  and  the  acid  filtrates  evaporated  in  vacuo  over 
HsSOi  at  the  ordinary  temperature.  In  each  case  crystals  were  ob- 
tained isomorphons  with  the  hydrochloride  of  urinary  kreatinin. 
These  ci'ystals  when  dissolved  in  water  yielded  acid  solutions  which 
became  strongly  alkaline  when  digested  with  pure  lead  hydrate  at 
the  ordinary  temperature.  On  evaporating  the  alkaline  filtrates  in 
^a^uo  over  sulphuric  acid,  the  sarcons  kreatinin  formed  in  each  case 
anhydrous  crystals  isomorphons  with  the  tabular  kreatinin  of  urine. 

This  sarcons  kreatinin,  therefore,  diifers  from  the  urinary  kreat- 
inin  in  yielding  anhydrous  tables  instead  of  efflorescent  prisms  when 
prepared  without  application  of  heat. 

It  appears,  however,  that  the  sarcons  kreatinin  may  be  rendered 
efflorescent  by  similar  treatment  to  that  which  changes  tabular 
nrinary  kreatinin  into  the  efflorescent  base,  for  the  washings  from  the 
precipitate  by  lead  hydrate  in  solution  of  hydrochloride  of  kreatinin 
:from  portion  C  were  evaporated  at  60°  C,  instead  of  at  the  ordinary 
temperature,  and  the  acid  solution  was  treated  with  Pb(H0)2, 
Altered,  and  the  alkaline  filtrate  also  evaporated  at  60°  C.  A  number 
of  long  transparent  needles  formed,  isomorphons  with  the  effloroscent 
Icreatinin  of  urine,  and  these  needles  became  opaque  when  dry.  On 
redissolving  the  efflorescent  base  in  water  and  again  evaporating, 
tabular  kreatinin  separated  out. 

A  farther  comparison  of  the  properties  of  this  sarcons  kreatinin 
reveals  additional  differences  between  this  base  and  the  kreatinin  of 
urine. 

In  the  table  on  p.  528,  vol.  43,  of  the  '  Proceedings,'  I  have  laid 
stress  apon  the  following  points  in  comparing  different  kreatinins  : — 

Solubility  in  water  and  alcohol,  properties  of  platinum  and  gold 
salts,  and  reduction  of  CuO,  compared  with  glucose. 

Accordingly  I  have  especially  examined  the  sarcons  kreatinin, 
obtained  as  above  described,  with  relation  to  these  particulars. 

(1.)  Solubility  in  Water  of  Sarcons  Kreatinin. 

4  1995  gr^ms  of  solution  of  sarcons  kreatinin  in  water,  saturated 
at  13*7°  C,  left,  on  evaporation,  0"3575  gram  of  kreatinin. 

Therefore,  3"8420  gprams  of    water    dissolved    0*3675    gram    of 

kreatinin. 
Hence,  1  part  by  weight  of  kreatinin  is  dissolved  by  10*74  ^«xt%\s^ 

weight  of  water  at  IS'T'  C. 
VOL,  L,  ^ 
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(2.)  BoMnlUy  in  Alcohol  of  Barcous  Kreatinin. 

14*9815  grams  of  Bolution  of  sarcons  kreatinin  in  alcohol  of  sp.  gr. 

0*800,  saturated  at  13*7^  C,  left,  on  evaporation,  0*0305  gram  o! 

kreatinin. 
Therefore,  14*9510  grams  of  alcohol  dissolved  0*0305  gram  of 

sarcons  kreatinin  at  13*7^  C. 
Hence,  1  part  of  kreatinin  dissolves  in  490*2  parts  of  alcohol  at 

13*7**  C. 

(3.)  Properties  of  the  PlcUinum  Salt  of  Sarcous  Kreatinin, 

When  sarcons  kreatinin  is  dissolved  in  dilate  hydrochloric  acid, 
and  a  solution  of  platinio  chloride  added,  an  orange-colon  red  platinum 
salt  separates  out  in  crystals  on  evaporation  over  sulphuric  acid. 
This  platinnm  salt  resembles  that  of  urinary  kreatinin  in  containing 
2  mols.  of  water  of  crystallisation,  which  are  expelled  at  100*"  C, 
leaving  the  anhydrous  salt  as  a  lemon-yellow  mass. 

2*8577  grams  of  air-dried  platinnm  salt  of  sarcons  kreatinin  lost 
01567  gram  of  water  at  100**  C,  becoming  2*7010  grams  of 
anhydrous  platinum  salt. 

These  numbers  correspond  with  a  loss  of  5*47  per  cent.  H^O. 

Required  for 
2(C4H-N30.HCl).PtCl4.2H20.  Found. 

5*34  per  cent.  HaO.  5*47  per  cent.  HjO. 

In  calculating  the  percentage  composition  of  the  platinum  salt  of 
sarcous  kreatinin,  I  have  adopted  the  following  atomic  weights : — 

C  =  12,     H  =  1,    N  =  14,     O  =  16,     CI  =  35*5,     Pt  =  194*4. 

0*5288  gram  of  platinum  salt  of  sarcous  kreatinin,  dried  at  100°  C, 
left,  after  ignition,  0*1628  gram  of  platinum. 

According  to  these  numbers,  the  dry  platinum  salt  contains  30' 78 
per  cent,  of  platinum. 

Required  for 
2(C4H7NsO.HCl).PtCl4.  Found. 

30-59  per  cent.  Pt.  30*78  per  cent.  Pt. 

Determination  of  the  Solubility  in  Water  of  the  Flatinum  Salt  of 

Sarcous  Kreatinin, 

3*942  grams  of  solution  of  the  platinum  salt  of  sarcous  kreatinin  in 
water,  saturated  at  15°  C,  left,  on  evaporation  at  100°  C,  0*167 
gram  of  dry  platinum  salt. 

According  to  these  nuraberH,  22*6  parts  by  weight  of  water  dissolve 
I  part  hy  weight  of  the  platinum  salt. 
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4.  Properties  of  the  Oold  Salt  of  Sareous  Kreatinin.  • 

When  sarcons  tabular  kreatinin  is  dissolved  in  dilated  Hydro- 
chloric acid,  and  the  solution  mixed  with  one  of  auric  chlovide,  a 
splendid  gold  salt  crystallises  oat,  on  evaporation  over  salpharic  acid, 
in  glistening  yellow  plates,  which  are  permanent  in  the  air  and  lose 
no  weight  at  100**  C. 

0*1060  gram  of  the  gold  salt  of  sarcoas  kreatinin,  having  been 
dried  at  100®  C,  left  on  ignition  0'04S6  gram  of  gold,  eqaivalent 
to  43*86  per  cent,  of  An. 

Beqoired  for 
04H7N,O.HCl.AuCl8.  Founds 

43*4«6  per  cent.  An.  43*86  per  cent.  An. 

In  the  above  calculation,  the  following  atomic  weights  were 
employed : — 

H  =  1,    C  =  12,    N  =  14,    O  =  16,     CI  =  35-5,    An  =  196*8. 

The  gold  salt  of  sarcoas  kreatinin  differs  from  the  gold  salts  of  all 
the  urinary  kreatinins,  described  by  me  in  Jane,  1887,  in  that  it  is 
completely  dissolved  by  ether. 

However,  daring  evaporation  of  its  ethereal  solution,  even  at  the 
ordinary  temperature,  the  salt  undergoes  decomposition,  and  a 
mixture  of  auric  chloride  and  the  hydrochloride  of  sareous  kreatinin 
crystallises  out. 

5.  Reduction  of  Cttpric  Oxide  in  Boiling  Alkaline  Solution  hy  Sareous 

Kreaiininj  compared  with  that  of  Olucoite, 

O'l  gram  of  sareous  kreatinin  was  dissolved  in  50  c.c.  of  water. 

14*2  C.C.  of  this  solution  decolorised  40  c.c.  of  Pavy-Fehling  solu- 
tion, $.e.,  0*0284  gram  of  kreatinin  reduces  as  much  cupric  oxide 
as  0*02  gram  of  glucose.  Therefore  10  grams  of  CeHigOe  are 
equivalent  in  reducing  power  to  14*2  grams  of  GiHiNjO.  There- 
fore 4  mols.  of  glucose  =  9  mols.  of  sareous  kreatinin, 

for  10  :  14*2  ::  180  :  265*6 

=  CeHiaOe 

and  720  :  1017  ::  180:254-25. 

=  4  X  (C.HuOfl)180  =  9  X  113(C4H7NsO) 

The  differences  between  the  properties  of  the  sareous  and  urinary 
tabular  kreatinins  will  be  apparent  at  a  glance  when  arranged  in  a 
table,  as  follows : — 


298 


Mr.  G.  S.  Johnson. 


Comparison  between  Sarcons  and  Urinary  Tabular  Kreatinins. 


Tabular  kreatinin 
of  urioe. 


Solubility  in  wa-    1  in  1078  at  17**  C. 
ter 

SolubiUly  m  al-     1  in  362  at  17**  C. 

cohol 

f  Cont-ains 

D          ..          £             2  mols.  H«0. 
Properties    of  J  - 

platinum  s«lt]  •  g^jubaity  1  in  141 

at  lb'  0. 


L 


Properties     of 
gold  salt 


Reduction         of 
CuC>,  compared  ' 
with    that     of 
glucose 


Unchanged  by 
ether. 


4  mols.  C4II7N3O  - 
2  moU.  glucose. 


Tabular  kreatinin 

from  urinary 

kreatine. 


1  in  10-68  at  16  5°  C. 


1  in  324  at  18  5**  C. 

Contains 
2  mols.  H,0. 


Solubility  1  in  24*4 
at  IS*"  C. 

Decomposed  by 
ether. 


Smols.  C4n7N80=: 
2  mols.  glucose. 


SarcouB  kreatinin. 


Iinl0'74afcl3rc. 


Iin490-2afcl3-rc. 

Ck>ntainfl 
2  mols.  HsO. 


Solubility  1  in  22*6 
at  16"  C. 

Soluble  in.  ether. 

Decompoeed  on 

evapomtion. 

9  mols.  C4HyN,0  - 
4  mob.  glucose. 


Besides  the  dilTerences  apparent  in  the  above  table,  it  will  be 
remembered  that  sarcous  kreatinin  appears  in  the  efflorescent  form 
only  after  its  solution  has  been  kept  at  GO**  C.  for  some  time  ;  whereas 
the  natural  kreatinin  of  urine,  when  piepared  most  carefully  without 
heat,  is  always  efflorescent  (CiHTNaO/iHaO). 

Also  the  tabular  crystals  formed  by  sarcous  kreatinin  are  not  so 
large  as  those  formed  by  the  tabular  kreatinin  of  urine. 

Having  thus  isolated  and  examined  a  sarcons  kreatinin  by  the 
mercuric  chloride  method,  my  attention  was  turned  in  the  next  place 
to  the  examination  of  the  filtered  solutions  from  which  the  spherical 
mercnry  salts  of  the  sarcous  kreatinin  had  been  separated.  These 
filtrates  were  three  in  number,  viz.,  from  portions  A,  B,  and  C.  In 
each  case,  the  filtrate  was  allowed  to  stand  for  at  least  a  week,  in 
order  to  ensure  that  it  remained  perfectly  clear.  This  having  been 
a'^certained,  my  next  endeavour  was  to  separate  the  mercuric  chloride 
from  the  solutions,  if  possible,  without  adding  any  reagent  to  them 
which  would  be  likely  to  alter  the  organic  constituents  during  subse- 
quent evaj)oration. 

Finally,  I  effected  this  separation  by  means  of  pure  lead  hydrate, 
rb(H0)2.  When  lead  hydrate  is  added  in  excess  to  solution  of 
mercuric  chloride,  a  yellow  substance  remains  undissolved,  and,  on 
filtering  after  a  short  time,  the  filtrate  is  found  to  be  pure  water,  all 
traces  of  lead,  morcur}",  and  chlorine  remaining  in  tlie  undissolved 
matter.      Here,  then,  was  a  metVvod  y?\v\c\\  r^Ts\oN\i^  \}cl^  ^^Uwith- 
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out  adding  anything  to  the  solution.      Pore  lead  hydrate  was  accord- 
ingly added  to  all  three  filtrates. 

In  portion  A  more  time  was  required  to  remove  all  mercuric 
chloride  from  the  solution  than  in  the  case  of  portions  6  and  C. 

Lead  hydrate  was  first  added  to  portion  A  in  April,  1890 ;  and, 
although  more  lead  hydrate  was  stirred  in  from  time  to  time,  the 
solution  was  not  free  from  mercury  until  March  23rd,  1891.  It  was 
then  filtered  and  evaporated. 

The  filtrate  (portion  A  was  that  which  was  extracted  within  seven 
hours  of  the  death  of  the  animal)  was  evaporated  first  over  steam, 
then  on  a  hot  copper  plate  at  60**  C.  No  hrown  colour  was  developed 
in  the  solution  during  the  concentration  hy  heat,  but  it  remained 
colourless,  even  when  reduced  to  a  syrup.  This  concentrated  liquor 
was  left  standing  over  sulphuric  acid. 

No  kreatine  crystals  were  formed  in  portion  A,  but  a  number  of 
octahedral  crystals  separated  out.  These  crystals  contain  potassium, 
chlorine,  and  much  nitrogenous  organic  matter.  Their  solution  does 
not  respond  to  Engel's  test  for  kreatine  with  mercuric  chloride  and 
potassium  hydrate. 

The  aqueous  solution  of  these  crystals  is  neutral  to  litmus.  When 
heated,  the  crystals  lost  14*7  per  cent,  of  their  weight,  leaving  a 
black  ash  consisting  of  potassium  chloride,  entangling  carbon.  I 
have  a  large  quantity  of  these  octaheditil  crystals,  and  I  hope  soon  to 
submit  them  to  complete  analysis  and  investigation.  No  PO4  was 
found  in  this  part  of  portion  A. 

In  the  case  of  portion  B,  the  separation  of  the  mercuric  chloride 
from  the  solution  by  lead  hydrate  was  completed  in  three  weeks. 

The  filtrate  was  evaporated  over  steam.  Only  slight  darkening  of 
colour  took  place  during  concentration.  The  yellow  syrupy  liquid 
deposited  crystals  on  standing.  The  syrup  was  mixed  with  alcohol 
(in  which  the  crystals  did  not  dissolve)  and  filtered.  The  crystalline 
matter  was  washed  with  dilute  alcohol,  dried,  and  weighed ;  its 
weight  was  2*24  grams.  Having  been  weighed,  the  crystals  were 
redissolved  and  recrystallised,  when  they  were  found  to  be  pure 
KHaPOi.  No  kreatine  crystals  could  be 'detected.  The  alcoholic 
liquor  was,  of  course,  preserved  for  further  examination. 

In  the  case  of  portion  C,  six  weeks*  digestion  with  lead  hydi*ate 
removed  the  mercuric  chloride  from  the  filtrate  from  the  spherical 
mercury  salt  of  the  sarcous  krcatinin.  The  liquid  was  filtered  from 
the  mixed  lead  and  mercury  precipitate,  and  concentrated  by  eva- 
poration over  steam  and  then  at  60^  C. 

Unlike  portions  A  and  B,  portion  C  became  extremely  dark- 
coloured  during  evaporation,  and  the  product  was  a  brown  jelly, 
entangling,  much  crystalline  matter. 

This  residue  was  well  stirred  with  dilute  a\eo\io\  TroXivN.  w^'^  'v^^.^ 
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orystalB  remained  nndissolyed.  The  alooholio  liquor  wai  then 
filtered.  The  filtrate  was  preserved,  and  the  aystaU,  haying  heen^ 
drained  and  washed  with  alcohol,  were  recrystallised  {rom  wateny 
Bolation.  The  recrystallised  product  was  evidently  Icreatine,  and  its 
weight  was  16'6d  grams.  This  kreatine  was  once  more  recrystaUised 
from  water,  and  0*2430  gram  of  the  product  (air-dried)  was  kept  at 
100^  G.  till  its  weight  was  constant.  The  previously  transparent 
crystals  became  opaque  during  this  treatment,  and  lost  0*0290  gram 
of  HtO,  or  11*93  per  cent,  of  their  weight.  Kreatine,  CtH^NsOfHtO, 
loses  12-08  per  cent,  at  100""  G. 

Therefore,  the  portion  of  the  extract  of  meat  prepared  from  flesh 
which  had  been  most  exposed  to  bacterial .  action  became  brown 
during  evaporation  and  deposited  crystals  of  kreatine  in  abundance, 
whilst  the  portions  first  extracted  gave  no  kreatine,  and  did  not 
become  brown  during  concentration. 

It  will  be  well  to  sununarise  these  results  in  tabular  form. 

Portion  A. 

Weight  of  flesh  taken 30  lb.  (13*62  kilograms). 

Exposure  to  air  before  HgGIa  added. ...  7  hours. 

Yolameof  cold  saturated  HgGla  added.  •  3750  c.c. 

Weight  of  spherical  Hg  salt  of  kreatinin  44*16  grams. 
Time    reqaii*ed    to    remove    HgGU    by 

Pb(HO)j 11  months. 

Darkening  of  colour  during  evaporation 

by  heat  of  filtrate  after  Pb(HO)a  ....  None. 

Kreatine  obtained   None. 

Grystalline  product An    octahedral    com- 
pound. 

Portion  B. 

Weight  of  flesh    (second  extract  from 

same  portion  of  flesh  as  A) 301b.  (13*62  kilograms). 

Exposure  to  air  before  HgGU  added. ...  26  hours. 

Volume  of  HgGl2  solution  added 2250  c.c. 

Weight  of  spherical  Hg  salt  of  kreatinin  31 '68  grams. 
Time    required    to    remove    UgCla   by 

Po(ElO), 3  weeks. 

Darkening  of  colour  during  concentration  Very  slight. 

Kreatine  obtained   None. 

Grystalline  product KHaP04. 
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Portion  C. 

Weight  of  flesh   86  lb.  4  ozs. 

Ezpoenre  to  air  before  HgClj 34  honrs. 

Volume  of  HgCla  solution 8000  c.c. 

Weight  of  spherical  Hg  salt 76*6  grams. 

Time  required  to  remove  HgCU 6  weeks. 

Darkening  of  colour  during  evaporation  Very  great. 

Kreatine  obtained   16*63  grams. 

The  dedadaons  which  I  am  inclined  to  draw  from  these  results 
are : — 

1.  That  kreatine  is  not  present  in  fresh  muscle  substance,  but  that 

it  is  a  product  of  bacterial  action  upon  some  constituent  of 
the  flesh. 

2.  That  the  source  of  kreatine  obtained  from  flesh  is  either  the 

sarcous  kreatinin  or  some  closelj-allied  substance. 

3.  That  sarcous  kreatinin  is  probably  a  true  "  eductj^^  i.e.,  is  really 

present  in  the  fresh  muscle-substance ;  but,  having  regard  to 
the  extremely  slow  separation  of  its  mercury  salt,  it  is  just 
possible  that  it  may  result  from  gradual  changes  effected  in 
some  closely  allied  substance  by  the  prolonged  action  of  solu- 
tion of  mercuric  chloride. 

In  conclusion,  I  will  briefly  record  some  experiments  which  I  have 
made  to  ascertain  whether  kreatine  may  be  converted  into  other  bases 
by  the  prolonged  action  of  mercuric  chloride  in  aqueous  solution  at 
the  ordinary  temperature.  It  is  commonly  asserted  that  aqueous 
solution  of  kreatine  is  not  acted  upon  by  mercuric  chloride.  This 
statement,  however,  requires  modification.  It  is  true  that  there  is 
no  instantaneous  action,  but,  after  standing  for  24  hours,  a  slight 
cloud  forms  in  a  mixed  aqueous  solution  of  kreatine  and  mercuric 
chloride.  This  precipitate  increases  week  after  week,  and  month 
after  month,  and  is  the  mercury  salt  of  kreatinin  (spherical). 

0'5  gram  of  pure  kreatine,  dissolved  in  70  c.c.  of  water  and  mixed 
with  20  c.c.  of  cold  saturated  solution  of  mercuric  chloride, 
deposited  in  the  course  of  five  months  0*7591  gram  of  spheri- 
cal mercury  salt  of  kreatinin,  from  which  a  tabular  kreatinin 
was  obtained  in  well-formed  crystals.  This  tabular  kreatinin 
formed  a  beautiful  gold  salt,  which  left,  on  ignition,  43*63  per 
cent,  of  gold. 

Required  for  C4H,N,0.HCl.AuCls,  43*46  per  cent.  An. 

This  gold  salt  resembled  that  of  the  tabular  kreatinin  obtained 
IVom  urinary  kreatine  by  Liebig's  process,  in  being  decomposed  by 
ether,  AuGU  being  dissolved  and  the  kreatinin  hydrochloride  left* 
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It  is  certain  that  this  conversion  of  kreatine  into  kreatinin  does 
not  take  place  when  mercuric  chloride  is  added  to  the  watery  extract 
of  flesh — 

1.  Because  abundance  of  kreatine  is  obtained  after  this  treatment, 

as  in  portion  G. 

2.  Because  the  kreatinin  obtained  from  flesh  differs  in  properties 

from  the  one  obtained  by  action  of  HgCU  npon  pare  kreatine, 
the  gold  salt  of  the  former  kreatinin  being  soluble  in  ether, 
and  decomposed  only  during  evaporation ;  whilst  the  gold  salt 
of  the  latter  is  insoluble  in  ether,  but  is  at  once  decomposed 
thereby. 


"  Contributions  to  the  Chemistry  of  Chlorophyll.  No.  IV."  By 
Edward  Schunck,  F.R.S.  Received  June  16,— Read 
June  18,  1891. 

Action  of  Alkalis  on  Phyllocyanin  (^continucdion), — In  Parts  I  and  III 
of  this  memoir  I  gave  an  account  of  the  action  of  aqueous  alkalis 
cm  phyllocyanin,  and  of  the  products  thereby  formed.*  By  the  action 
of  caustic  alkali  in  a  state  of  fusion  phyllocyanin  undergoes  a  more 
profound  decomposition,  leading  to  the  formation  of  several  products, 
one  of  which  I  shall  now  describe. 

When  caustic  potash  lye  to  which  phyllocyanin  has  been  added  is 
boiled  down  nearly  to  drj^ness  a  green  mass  is  left  which  still  contains 
phyllocyanin,  for  on  dissolving  a  little  of  it  in  water,  adding  an  excess 
of  acetic  acid,  and  shaking  up  with  ether,  a  solution  is  obtained 
which  shows  the  spectrum  of  phyllocyanin.  On  heating  the  green 
mass  to  near  the  point  of  fusion  its  colour  suddenly  changes  to 
brown,  and  the  phyllocyanin  is  now  completely  altered.  In  order  to 
ensure  complete  decomposition  water  is  added,  and  the  solution  is 
then  boiled  down,  and  the  residual  mass  again  heated  to  near  the 
point  of  fusion.  The  mass  is  then  dissolved  in  water,  and  to  the 
reddish-brown  solution  there  is  added  an  excess  of  acetic  acid,  which 
gives  a  voluminous  brown  precipitate.  The  whole  is  now  shaken  up 
with  ether  without  any  previous  filtration.  The  ether  dissolves  a 
j)ortion  of  the  precipitate,  acquiring  a  red  colour,  and,  having  been 
separated  in  the  usual  manner,  is  slowly  evaporated.  During  evapo- 
ration the  solution  deposits  a  dark-brown  mass,  which  is  filtei*ed  off 
and  treated  with  boiling  alcohol.  The  latte^r  acquires  a  red  colour, 
leaving  behind  a  good  deal  of  impurity,  which  is  filtered  off.  On 
adding  zinc  acetate  to  the  filtrate  a  brown  precipitate  falls,  while  the 
liquid  acquii'es  a  bright  purple  colour.     The  latter  after  filtration  is 

•  '  Roj.  Soc.  Proc.,*  vol.  89,  p.  355,  and  vol.  44,  pp.  448 — 454. 
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^▼aporated.  Daring  evaporation  it  deposits  an  amorpboas  red  powder, 
Arhich  is  filtered  off  and  washed  with  a  little  cold  alcohol.  This  red 
x>wder  is  a  zinc  componnd ;  when  burnt  it  leaves  a  residue  of  zinc  oxide. 
3n  being  treated  with  hot  akohol  to  which  a  little  hydrochloric 
kcid  is  added  the  powder  dissolves,  yielding  a  crimson  solution,  which 
ifter  adding  water  and  shaking  np  with  ether  divides  into  two  layers, 
in  npper  brown  ethereal  one  and  a  lower  one  which  is  acid  and  has  a 
>right  criinson  colour.  The  two  liquids  having  been  separated,  the 
ipper  one  is  found  to  leave  on  evaporation  a  brown  amorphous 
residue,  while  the  lower  one,  after  partial  evaporation,  gives  with 
irater  a  brown  precipitate.  The  latter,  having  been  filtered  off,  is 
iissolved  in  boiling  alcohol ;  the  alcoholic  solution  deposits  on  stand- 
ing fine  lustrous  crystalline  needles. 

The  properties  of  the  substance  prepared  as  just  described  are  as 
E^lows .- — In  mass  it  appears  plum-coloured,  and  shows  much  lustre. 
Under  the  microscope  it  is  seen  to  consist  of  small,  regular,  prismatic 
crystals,  which  are  reddish- brown  by  transmitted  light.  Heated  on 
platinum  it  melts  to  a  brown  mass,  which  on  being  further  heated 
bums,  leaving  much  charcoal.  When  heated  in  a  tube  it  gives  off 
himes,  but  yields  no  crystalline  sublimate.  It  is  soluble  in  boiling 
ftlcohol  and  ether,  the  solution  having  a  red  colour  inclining  to 
crimson.  It  is  also  soluble  in  chloroform,  but  insoluble  in  carbon  di- 
sulphide  even  on  boiling.  It  dissolves  in  glacial  acetic  acid  and  in 
concentrated  hydrochloric  acid,  the  solutions  exhibiting  a  fine  crimson 
colour.  The  solutions  show  well-defined  absorption  bands,  but  their 
ipectra  differ  inter  se ;  those  of  the  alcoholic  and  ethereal  solutions 
ire  nearly  alike,  but  that  of  the  solution  in  hydrochloric  acid  is  very 
iifferent.  The  spectra  are  remarkable  for  the  entire  absence  of  bands 
it  the  red  end,  but  they  need  not  be  further  described,  as  they  are 
represented  on  the  plate  accompanying  this  paper. 

I  give  no  nanie  to  this  substance,  as  it  may  possibly  turn  out  to  be 
dentical  with  one  or  other  of  the  bodies  obtained  by  Hoppe-Seyler 
\%  products  of  the  action  of  caustic  potash  on  his  cblorophyllan,*  one 
)f  which  he  has  named  ''dichromatic  acid,'*  while  to  another  he 
applies  the  term  "  phylloporphyrin."  I  may  state  that  the  spectrum 
)f  the  hydrochloric  acid  solution  of  my  substance  corresponds  exactly 
nrith  that  of  a  purple-coloured  solution  (containing  unfortunately 
rery  little  substance)  labelled  "  phylloporphyrin,"  which  I  owe  to  the 
dndness  of  Dr.  Schuchardt,  of  Goerlitz.  The  yield  of  my  substance  in 
*elation  to  the  quantity  of  phyllocyaniu  employed  is  exceedingly  small, 
IS  the  account  of  my  method  of  preparing  and  purifying  it  would, 
ndeed,  lead  one  to  conclude.  Large  quantities  of  one  or  more  other 
mbstances  are  formed  at  the  same  time,  but,  being  brown,  amorphous, 
md  humus-like,  they  do  not  invite  examination. 

•  *Zeit«.  f.  Physiol.  Chem.,'  vol.  4,ILci\.^. 
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This  may,  I  think,  be  a  snitable  place  for  a  few  remarks  on  the 
somewhat  altered  sense  in  which  I  use  the  terms  phyllocjanin  and 
phjUoxanthin,  names  bestowed  by  Fremy  on  what  he  supposed  to  be 
constituents  of  chlorophyll.  In  his  first  memoir  on  the  green  oolonr- 
ing  matter  of  leaves  Fremy*  maintained  that  by  acting  on  chlorophyll 
with  a  mixtnre  of  ether  and  hydrochloric  acid  he  had  caused  it  to 
split  up  into  two  colouring  matters,  one  of  which  passes  into  the 
acid,  imparting  to  it  a  bright  blue  colour,  while  the  other  dissolyee  in 
the  ether,  which  it  colours  yellow^  the  two  tqgetber  causing  by  their 
combined  presence  the  ordinary  green  colour  of  leaves  and  other 
organs.  I  need  not  here  refer  to  the  fact,  sufficiently  manifest  to  any 
one  who  has  paid  attention  to  the  subject,  that  Fremy  was  in  error 
in  supposing  that  his  two  colouring  matters  pre-existed  as  such  in 
the  cells  of  plants,  and  was  not  aware  that  they  were,  in  part  at  least, 
products  of  the  decomposition  of  chlorophyll.  I  merely  wish  to 
remark  that  the  author's  two  colouring  matters  must  have  been, 
considering  the  mode  of  preparation  employed,  mixtures  of  several 
substances,  some  of  which,  so  far  as  we  know,  are  not  in  any  way 
connected  with  chlorophyll,  using  the  latter  term  in  the  stricter  sense 
as  being  the  substance  to  which  the  green  colour  of  leaves,  <!bc.,  is  due. 
At  the  same  time  I  think  it  right  to  say  a  few  words  to  justify  myself 
in  retaining  Fremy 's  names,  and  at  the  same  time  applying  them  in 
a  somewhat  different  sense.  Returning  to  Fremy 's  first  experiment 
with  ether  and  hydrochloric  acid,  I  think  I  have  proved,  by  what  is 
stated  in  the  first  part  of  this  memoir,  that  the  author's  blue  liquid 
is  in  fact  a  solution  in  hydrochloric  acid  of  a  substance  which  is  a 
product  of  decomposition  of  chlorophyll.  This  substance  I  call  phyllo- 
cyanin.  It  is  a  weak  base,  forming  with  acids  unstable  compounds 
of  a  blue  colour,  Fremy '.s  phyllocyanin  being  in  fact  such  a  compound. 
It  also  combines  with  bases,  though  not  without  at  the  same  time 
undergoing  a  change,  a  description  of  which  is  contained  in  the  third 
part  of  this  memoir.f  To  have  given  it  another  name  would  prob- 
ably have  led  to  misunderstanding  on  the  part  of  those  not  specially 
conversant  with  the  subject,  and  to  confusion  in  its  terminology.  A 
similar  instance  of  the  retention  of  name  presents  itself  in  the  case  of 
the  alkaloid  berberin.  The  berberin  of  the  original  discoverer  was 
subsequently  found  to  be  the  hydrochloride  of  a  base  which  then 
retained  the  name  berberin,  though  not  identical  with  the  original 
substance  so  called.  In  his  second  memoirj  Fremy  takes  quite 
another  view  of  the  constitution  of  chlorophyll.  Having  acted  on 
chlorophyll  in  alcoholic  solution  with  caustic  baryta  he  obtained  an 
insoluble  compound,  which  he  called  phyllocyanate  of   baryta,  and 

•  *  Comptes  RenduB,'  vol.  50,  p.  405. 
t  •  Roj.  Soc.  Proc.,'  ▼ol.  44,  p.  448. 
J  *  Comptes  UetkduB,'  to\.  61,  ^ .  188. 
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which  by  decompositioB  with  acid  yielded  phyllooyaiiic  acid,  while 
his  phylloxanthin  remained  dissolved  in  the  alcoholic  liquid,  and  was 
left  behind  on  evaporation  in  yellow  or  red  crystals  resembling  bi- 
chromate of  potash.  This  process  the  author  considers  to  be  one  of 
saponification,  chlorophyll  itself  being  a  species  of  fat,  which  by  the 
action  of  bases  splits  up,  the  process  being  described  by  him  as 
follows: — '*  La  chlorophylle,  espece  particuli^re  de  corps  gras  color^, 
6pronye  done  par  Taction  des  bases  6nergiques  une  sorte  de  saponifica- 
tion dont  la  phylloxanthine,  corps  neutre  jaune,  serait  la  glycerine,  et 
Tacide  phyllocyanique  «erait  Tacide  gras  co1or6  en  rert  bleu&tre." 
The  process  may,  however,  be  explained  in  a  simpler  manner.  On 
coming  into  contact  with  caustic  baryta  chlorophyll  simply  combines 
with  the  latter  forming  an  insoluble  compound,  and  is  again  set  at 
liberty  by  a  strong  acid,  but  is  at  the  same  time  decomposed  by  the 
acid  .yielding  phyllocyanin,  the  so-called  phyllocyanic  acid  being 
simply  identical  with  the  latter.  The  properties  of  his  acid,  as  de- 
scribed by  the  author,  are  Just  those  of  phyllocyanin  in  my  sense  of 
the  term.  It  is  hardly  necessary  to  refer  here  to  Fremy's  third 
memoir,*  in  which  he  endeavours  to  prove  that  the  colouring  matter 
of  leaves  is  a  mixture  of  phylloxanthin  and  phyllocyanate  potash,  of  a 
conclusion  even  less  probable  than  those  previously  arrived  at. 

As  regards  Fremy's  phylloxanthin,  it  is  evident  that  it  must,  con- 
sidering the  method  of  preparation  employed,  have  consisted  of 
several  more  or  less  yellow  substances,  some  of  which  may  have  been 
present  as  such  in  the  solution  of  chlorophyll  taken,  while  oj^hers  were ' 
formed  by  the  action  of  the  hydrochloric  acid  on  the  chlorophyll  in 
solution.  In  his  first  memoir  Fremy  states  that  his  phylloxanthin  is, 
in  bis  opinion,  identical  with  the  yellow  colouring  matter  of  leaves 
developed  in  the  dark  as  well  as  that  of  yellow  autumnal  leaves. 
Whether  the  colotir  of  etiolated  and  that  of  faded  leaves  is  due  to  the 
same  substance,  and  whether  the  latter  is  identical  with  the  yellow 
colouring  matter  which  always  accompanies  chlorophyll  in  healthy 
gieen  leaves  is  uncertain,  but  there  can  be  no  doubt  that  the  latter, 
the  constant  companion  of  chlorophyll,  was  present  in  Fremy's  phyllo- 
xanthin solution.  Though  still  an  imperfectly  known  substance, 
its  general  properties  have  been  ascertained,  and  it  is  now  usually 
called  xanthophyll.  In  his  second  memoir  Fremy  gives  a  description 
of  his  phylloxanthin,  from  which  it  is  evident  that  the  substance 
obtained  by  his  new  process  was  identical  with  Hartsen's  chrysophyll 
and  Bougarers  erythrophyll,  a  body  yielding  beautiful  red  crystals, 
giving  solutions  of  a  deep  yellow  colour,  and  apparently  present  in 
all  green  leaves.  This  then  is  the  second  constituent  of  Fremy's 
phylloxanthin,  but  there  is  yet  a  third,  which,  though  overlooked  by 
that  chemist,  must  have  been  present  along  with  the  two  others,  at 

•  '  Com^teB  Bendus,*  vol.  84,  p.  9«a. 
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least  nvben  the  process  first  described,  using  ether  and  hydrochloric 
acid,  was  employed ;  and  it  is  this,  following  the  example  of  Tftchircb, 
that  I  propose  to  call  phyllozanthin  in  the  stricter  sense,  inappropriate 
as  the  term  is  in  some  respects. 

Phylloxanthin  is  a  product  formed  along  with  phjUocjanin  bj  the 
action  of  strong  acids  on  chlorophyll,  and  is  left  dissolved  in  ether 
when  to  an  ethereal  solution  of  the  two  concentrated  hydrochloric 
acid  is  added,  the  phyllocyanin  passing  into  the  acid.  When  the 
process  described  in  the  first  part  of  this  memoir,  the  first  stage  of 
which  consists  in  passing  hydrochloric  acid  gas  into  an  alcoholic 
extract  of  leaves,  is  employed,  the  xanthophyll,  chrysophyll,  and  any 
other  coloaring  matter  that  may  be  present  remain  in  solution,  while 
the  phyllocyanin  and  phyllozanthin  formed  by  the  action  of  the  acid 
are  deposited  along  with  some  fatty  matter. 

Having  thas  explained  the  sense  in  which  the  terms  phyllocyanin 
and  phylloxanthin  are  employed  in  this  memoir,  I  will  now  proceed 
to  give  an  account  of  the  mode  of  preparation  and  properties  of 

Phylloxanthin. 

Although  the  quantity  of  this  substance  formed  by  the  decomposi- 
tion of  chlorophyll  with  acids  is  mueh  larger  than  that  of  tbe 
phyllocyanin  accompanying  it,  its  preparation  in  a  state  of  purity  is 
mueh  more  difficult,  and  the  product  even  at  the  best  is  never  free 
from  impurities  of  a  fatty  nature. 

The  olive-green  ethereal  solution  containing  phylloxanthin,  after 
being  separated  from  the  lower  acid  one  containing  phyllocyanin,  and 
shaken  up  with  concentrated  hydrochloric  acid,  so  as  to  remove  any 
of  the  latter  substance  that  may  be  present,  is  left  exposed  to  the  air 
in  shallow  vessels,  so  as  to  allow  the  greater  part  of  the  ether  to 
evaporate,  when  it  leaves  a  quantity  of  matter  in  dark  brown  cakes 
floating  in  an  acid  liquid.  The  latter  having  been  removed,  the 
cakes  are  washed  with  water,  and  then  left  to  drain  on  paper.  That 
the  mass  thus  obtained  contains,  besides  colouring  matter,  a  large 
quantity  of  fat  is  evident,  for  on  rubbing  a  small  portion  between  the 
fingers  it  softens,  and  it  melts  completely  in  boiling  water.  The  fatty 
matter  may,  to  a  gi^eat  extent,  be  removed  by  treating  the  mixture 
with  concentrated  hydrochloric  acid,  in  which  the  colouring  matter 
aft^r  a  time  dissolves  leaving  the  fatty  matter  behind ;  but  the  former 
undergoes  a  change  by  this  treatment,  and  is  no  longer  unaltem 
phylloxanthin,  as  I  shall  show  further  on.  By  the  action  of  alkalis, 
too,  a  change  is  effected,  so  that  it  is  necessary  to  use  other  solvents 
for  the  purification  of  phylloxanthin.  For  this  purpose  the  crude 
substance  from  the  ethereal  solution  is  first  dissolved  in  a  small 
quantity  of  chloroform,  and  the  solution  ia  then  mixed  with  several 
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times  its  volame  of  alcohol  and  left  to  stand,  when  it  deposits  a  great 
part  of  the  phjlloxanthin,  much  of  the  fattj  matter  being  left  in 
solution. 

The  deposit  is  then  filtered  off,  washed  with  alcohol,  dried,  and 
di<<sulyed  in  boiling  glacial  acetic  acid.  This  solution  on  cooling 
and  standing  yields  a  copious  deposit  of  phjlloxanthin,  which  is 
filtered  off  and  may  again  be  dissolved  in  boiling  glacial  acetic  acid. 
The  second  deposit  is  filtered  ofP,  washed  with  alcohol,  and  dissolved 
in  hot  ether.  The  ethereal  solution  is  then  slowly  evaporat'Od  in 
beakers.  During  evaporation  a  dark  mass  is  deposited,  which  after 
about  three-fourths  of  the  ether  have  evaporated  is  filtered  o£F  and 
redissolved  in  ether.  The  ethereal  solution  is  evaporated,  and  the 
portion  which  first  separate  oot  is. filtered  off  as  before.  This  process 
may  be  repeated  several  times  if  it  is  thought  necessary.  The  quantity 
finally  obtained  after  this  lengthy  process  is,  of  course,  relatively 
small.  Unfortunately,  too,  it  is  after  all  not  absolutely  pare  ;  it 
contains  fatty  matter,  as  may  be  easily  ascertained  by  treating  a  little 
of  it  with  moderately  strong  boiling  nitric  acid,  when  the  colouring 
matter  is  decomposed  and  dissolved,  leaving  the  fatty  matter,  which 
fioats  abont  in  the  boiling  liquid  in  oily  drops.  There  is  no  reason, 
however,  to  suppose  that  this  contamination  with  fatty  matter  inter- 
feres with  the  reactions  of  the  substance,  so  far  at  least  as  its  behaviour 
to  various  solvents  and  the  colour  or  changes  of  colour  which  it 
presents  are  concerned.  The  properties  of  phylloxanthin  resemble 
those  of  phyllocyanin  so  closely  as  to  lead  to  the  conclusion  that 
the  two  substances  must  be  closely  related,  that  they  are  perhaps 
isomeric,  and  that  possibly  one  of  them  might  be  converted  into  the 
other  by  some  process  still  to  be  discovered.  In  the  following  descrip- 
tion, therefore,  I  shall  refer  only  slightly  to  those  properties  which 
the  two  substances  possess  in  common. 

When  prepared  in  the  way  above  described  and  then  dried  phyllo- 
xanthin appears  dark  green,  almost  black,  thus  differing  from  phyllo- 
cyanin, which  always  shows  a  dark  indigo-blue  colour.  It  is 
amorphous,  even  under  the  microscope,  though  it  may  occasionally  be 
obtained  by  very  slow  evaporation  of  its  ethereal  solution  in  small 
rosettes,  which  are  rust- coloured  by  transmitted  light.  When  a  very 
minute  portion  is  placed  on  a  glass  slide,  then  moistened  with  ether 
under  a  cover- glass,  it  is  seen  to  resolve  itself  under  the  microscope 
into  a  number  of  long  whip-like  filaments  and  pseudo-crystalline 
needles,  much  curved  and  twisted,  which  are  brown  by  transmitted 
light.  Chlorophyllan,  according  to  Hoppe-Seyler,  shows  the  same 
behaviour  under  the  microscope. 

Phylloxanthin  is  soluble  in  boiling  absolute  alcohol,  but  a  great 
part  separates  out  again  on  the  solution  cooling  as  a  granular 
amoiphouB  deposit    It  is  more  soluble  in  etVier^  caitVxyii  ^H&^iX'^x^^^ 
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benzol,  and  aniline  than  in  alcohol ;  it  also  dissolves  in  ligroinf  bnt 
the  best  solvent  is  chloroform.  These  solutions  are  less  distinctly 
green,  and  more  brown,  than  those  of  phyllocyanin ;  they  are  flnor- 
escent,  and  when  dOnte  exhibit  a  marked  reddish  tinge,  of  which 
nothing  is  seen  in  the  case  of  phyllocyanin.  The  ethereal  solution 
shows  five  bands  closely  resembling  those  of  phyllocyanin,  as  regards 
both  position  and  relative  intensity,  with  this  difference,  however,  that 
the  first  and  second  bands  lie  further  away  from  the  red  end  than 
with  the  latter,  while  the  space  between  the  fourth  and  fifth  bands 
is  so  much  darkened  that  when  the  solution  is  concentrated  the  two 
"bands  appear  as  one.  When  the  ethereal  solution  is  shaken  up  with 
concentrated  hydrochloric  acid,  the  latter  remains  colourless,  unless 
phyllocyanin  is  present,  when  it  acquires. a  blue  colour.  It  would, 
however,  be  a  mistake  to  suppose  that  if,  on  standing,  a  blue  colora- 
tion makes  its  appearance  in  the  lower  liquid,  the  presence  of  phyllo- 
cyanin is  indicated,  for  by  the  action  of  hydrochloric  acid  phylloxanthin 
undergoes  a  change  whereby  it  becomes  soluble  in  the  acid,  leaving 
the  ether  in  which  it  was  previously  dissolved.  That  this  is  the  case 
is  evident  from  the  fact  that  the  blue  coloration  commences  where 
the  ether  and  the  acid  are  in  contact,  and  extends  from  above  down- 
wards. 

Phylloxanthin,  like  phyllocyanin,  may  be  heated  for  several  hours 
at  130°  without  undergoing  any  change,  but  at  160*  decomposition 
commences,  and  at  180°  the  substance  is  completely  decomposed, 
yielding  a  charred  mass,  which  is  entirely  insoluble  in  chloroform. 
When  heated  on  platinum  phylloxanthin  bums  with  a  luminous 
flame  yielding  a  bulky  charcoal,  which  burns  away  with  difficulty, 
leaving  a  little  dark-coloured  ash  ;  this  ash  consists  of  ferric  oxide. 

Since  all  the  specimens  of  phylloxanthin  I  have  prepared  leave  on 
burning  more  or  less  ferric  oxide,  the  presence  of  the  latter  cannot 
be  altogether  accidental.  Those  who  maintain  that  iron  in  some  form 
or  other  is  an  essential  constituent  of  chlorophyll  may  not  be  sur- 
prised at  its  being  found  in  one  of  the  products  of  the  decomposition 
of  chlorophyll ;  but  it  is  difficult  to  understand  why  the  iron,  if  origi- 
nally present,  should  not  have  been  removed  during  the  treatment 
with  hydrochloric  acid  and  acetic  acid  to  which  the  product  was  sub- 
mitted, and  should  still  be  present  after  repeated  solution  of  the  sub- 
stance in  ether. 

On  adding  a  little  nitric  acid  to  a  saturated  solution  of  phyllo- 
xanthin in  glacial  acetic  acid  the  colour  of  the  solution  changes  to  a 
deep  yellow ;  the  solution  deposits  nothing  on  cooliog  ;  it  gives  with 
water  a  brown  flocculent  precipitate,  the  filtrate  from  which  is 
yellow,  and  shows  no  absorption  bands,  while  the  precipitate  after 
washing  dissolves  in  alcohol,  giving  a  yellow  solution  which  shows 
absorption  bands,  and  leaves  on  evapoT^AioTi  «ii  ^^o^  \yc\\A\ft  %xnorph- 
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OB  residae.  Chromic  acid  acts  in  a  similar  maimer.  Treated  with 
oiling  concentrated  nitric  acid,  phyllozanthin  is  decomposed,  a 
nantitj  of  yellow  semi-fased  fatty  matter  being  left  behind;  the 
Itmte  leaves  on  evaporation  a  crystalline  residue,  consisting  mainly 
f  oxalic  acid. 

A  chloroformic  solution  of  phylloxanthin  when  exposed  to  sunlight 
a  a  loosely  stoppered  bottle  gradually  becomes  paler,  and  at  last 
Imost  colourless.  No  difference  in  the  rapidity  of  bleaching  could 
e  observed  when  a  solution  of  phyllocyanin  of  as  nearly  as  possible 
be  same  strength  was  exposed  to  the  action  of  light  along  with  the 
olution*of  phylloxanthin.  The  process  is  doubtless  one  ef  slow  oxi- 
ation  under  the  influence  of  light. 

On  adding  a  little  bromine  to  a  chloroformic  solution  of  phyllo- 
anihin  the  colour  of  the  latter  changes  to  a  bright  grass-green, 
esembling  that  of  chlorophyll  solutions,  bat  its  spectrum  differs 
rom  that  of  chlorophyll,  as  well  as  from  that  of  phylloxanthin ;  it 
hows  one  very  broad  band,  extending  over  a  great  part  of  the  red 
nd  the  whole  of  the  orange,  with  a  faint  band  in  the  green,  and  an 
ndication  of  one  nearer  the  blue,  together  with  much  obscuration  at 
he  blue  end.  The  solution  leaves  on  evaporation  a  little  amorphous 
esidue,  which  is  purple  by  reflected,  and  dark  green  by  transmitted, 
ight,  and  contains  bromine.  On  adding  an  excess  of  bromine  to  a 
hloroformic  solutioo  of  phylloxanthin  the  colour  of  the  solution 
hanges  to  a  deep  yellow,  but  it  still  shows  a  band  in  the  red. 

On  treating  phylloxanthin  with  concentrated  hydrochloric  acid  in 
he  cold  no  change  takes  place  at  first,  but  after  some  time  a  great 
»art  of  the  substance  dissolves,  yielding  a  dark  greenish-blue  solu- 
ion,  while  part  remains  undissolved  as  a  green  fatty  mass,  which 
nay  be  separated  by  filtration  through  asbestos.  The  filtrate  appears 
lightly  more  green  than  a  solution  of  phyllocyanin  in  hydrochloric 
kcid,  but  it  shows  nearly  the  same  spectrum  as  the  latter,  though  the 
»ands  of  which  it  consists  are  far  loss  distinct  and  well  marked.  The 
olution,  when  shaken  up  with  ether,  imparts  no  colour  to  the  latter, 
>ehaving  in  this  respect  like  a  solution  of  phyllocyanin,  which  shows 
hat  phylloxanthin  by  treatment  with  hydrochloric  acid  undergoes 
lome  change.  Nevertheless,  when  the  product  of  the  action  is  pre- 
dpitated  from  the  acid  solution  by  water  the  precipitate,  after  filter- 
ng  off  and  washing,  dissolves  in  ether,  yielding  a  solution  which 
thows  the  colour  and  absorption  spectrum  of  a  solution  of  phyllo- 
umthin.  The  precipitated  product  dissolves  also  in  glacial  acetic 
bcid  boiling,  and  the  solution  on  cooling  deposits  a  portion  which, 
?hen  filtered  off  and  dried,  appears  dark  blue,  like  phyllocyanin,  and 
vhen  viewed  under  the  microscope  shows  the  same  indistinctly 
irystalline  form  as  the  latter.  In  all  other  respects,  however^  it  ^ve& 
ihe  same  reactiona  as  phjlioxanthin,  so  that  it  \a  oerVAdii  iio  Xx^sa- 
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formation  into  phyllooyanin  is  effected  by  the  action  of  acid.  The 
bebavionr  of  phylloxanthin  to  concentrated  sulpharic  acid  closely 
resembles  that  jnst  described. 

When  cnpric  acetate  is  added  to  a  solution  of  phyllozanthin  in 
boiling  glacial  acetic  acid  the  solution  becomes  dark  green,  and  a 
compound  is  formed  very  similar  to  that  which  phyllocyanin  yields 
when  treated  in  the  same  way.  The  solution,  on  cooling  and  stand- 
ing, gives  a  dark-coloured  deposit,  .which,  after  filtering  off  and  treat- 
ment with  dilute  hydrochloric  acid,  so  as  to  remove  any  excess  of 
cuprio  acetate  that  may  be  present,  is  redissolved  in  boiling  glacial 
acetic  acid.  From  this  solution  the  compound  crystallises  out  in 
small  scales,  which  are  pnrple  and  lustrous  by  reflected  light  and 
pale  green  by  transmitted  light.  It  closely  resembles  the  corre- 
sponding phyllocyanin  compound ;  its  solutions  show  the  same  absorp- 
tion spectrum  as  those  of  the  latter,  though  they  have  less  of  a  blue 
tint,  and  appear  more  green.  When  the  same  experiment  is  made 
using  zinc  acetate  instead  of  cupric  acetate  no  change  of  colour 
takes  place,  and  the  acetic  acid  solution  on  cooling  deposits  unaltered 
phylloxantbin ;  in  this  respect  the  two  substances  show  a  marked  dif- 
ference, since  phyllocyanin  yields  a  double  compound  with  zinc  and 
acetic  acid,  as  described  in  Part  I  of  this  memoir. 

When  ferrous  oxide  and  argentic  oxide  are  employed  along  with 
phylloxauthin  and  acetic  acid  compounds  are  formed  similar  to  those 
pelded  by  phyllocyanin,  but  their  properties  are  not  of  sufficient 
interest  to  merit  detailed  description.  Towards  lead  acetate  phyllo- 
xantbin, like  phyllocyanin,  behaves  with  complete  indifFei'ence. 

When  metallic  tin  is  added  to  a  solution  of  phylloxantbin  in  con- 
centrated hydrochloric  acid  the  phenomena  are  similar  to  those 
observed  in  the  case  of  phyllocyanin.  After  standing  some  time  the 
bright  bluish -green  colour  of  the  solution  changes  to  olive,  and  it 
now  gives  with  water  a  bix)wn  precipitate.  On  allowing  the  liydix)- 
chloric  acid  solution  to  stand  in  contact  with  metallic  tin  for  some 
time  lonprer,  it  becomes  red,  and  now  gives  with  water  a  red  fl(x?cu- 
lent  precipitate,  which  on  being  filtered  off  and  washed  turns  brown, 
and  then  dissolves  in  alcohol  with  a  brown  colour ;  the  alcoholic  solu- 
tion shows  onl)'  a  faint  band  in  the  green,  but  on  the  addition  of  a 
little  caustic  alkali  it  turns  yellow,  and  now  shows  three  bands, 
which  are  not,  however,  very  distinct. 

Phylloxanthin  does  not  dissolve  readily  in  aqueous  alkali,  but  it 
does  so  with  ease  when  alcoholic  potash  or  soda  is  employed.  When 
treated  with  boiling  alcohol  to  which  a  little  alcoholic  potavsh  is 
added  phylloxanthin  dissolves  at  once  and  entirely,  yielding  a  red 
solution,  which  on  continuing  to  boil  turns  green.  On  standing  for 
some  time  the  solution  gives  a  dark-coloured  deposit,  which  is 
tiltered  off,  washed  with  a\eobo\,  and  d.\a»vA\ed  m  ^^X^x.   TW  watery 
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aolation  gives  with  acid  a  greenish-brown  precipitate,  which  is  filtered 
off  and  dissolved  in  a  little  boiling  glacial  acetic  acid.  The  solution 
on  being  left  to  stand  for  some  days  yields  a  deposit,  which  is  filtered 
off,  washed  with  a  little  alcohol,  and  dried.  This  product  corresponds 
to  the  phyllotaonin  obtained  by  the  action  of  alkalis  on  phyllocyanin, 
but  its  properties,  though  similar,  are  less  characteristic.  When  dry 
it  appears  almost  black  and  amorphous  ;  under  the  microscope,  how- 
ever, it  is  seen  to  consist  in  part  of  prismatic  crystals.  It  is  soluble 
in  alcohol,  ether,  chloroform,  and  glacial  acetic  acid,  but  is  insoluble 
in  petroleum  ether.  The  solution  in  ether  has  a  pink  colour,  and 
shows  a  spectrum  consisting  of  four  bands,  of  which  two,  viz.,  one  in 
the  red  and  the  other  in  the  green,  are  very  dark.  On  diluting  the 
solution  until  only  a  slight  tinge  of  colour  is  left,  the  band  in  the 
green  becomes  very  faint,  while  that  in  the  red  splits  up  into  two 
nearly  equal  narrow  bands ;  the  band  in  the  green  remains  single, 
however  much  the  solution  may  be  diluted,  whereas  the  analogous 
derivative  of  phyllocyanin,  after  its  solution  has  stood  for  some  time, 
shows  a  characteristic  double  band  in  this  part  of  the  spectrum. 

The  description  of  phylloxanthin  just  given  shows  that  the  pro- 
perties of  the  substance  closely  resemble  those  of  its  companion 
phyllocyanin.  Until  the  composition  of  the  two  substances  has  been 
ascertained,  it  is  impossible  to  say  in  what  relation  they  stand  to 
one  another;  it  is  probably  a  case  of  isomerism.  All  attempts  'to 
transform  phylloxanthin  into  phyllocyanin,  or  vice  versa,  failed.  It 
is  certain,  however,  that  the  two  substances  are  not  formed  simul- 
taneously, unless  strong  acids,  such  as  hydrochloric,  are  employed. 
When,  for  instance,  a  little  acetic  acid  is  added  to  an  ethereal  solu- 
tion of  chlorophyll  there  is  an  immediate  change  of  colour  in  the 
solution  accompanied  by  the  formation  of  phylloxanthin ;  it  is  only 
after  some  time  that  phyllocyanin  makes  its  appearance ;  at  least,  such 
is  the  conclusion  derived  from  spectroscopic  examination  of  the  solu- 
tion. 

This  phenomenon  may  be  explained  by  supposing  that  the  two 
substances  phyllocyanin  and  phylloxanthin  are  formed  by  the  de- 
composition of  two  distinct  bodies.  The  researches  of  Stokes,  Sorby, 
and  others  have  led  to  the  conclusion  that  ordinary  chlorophyll  is  a 
mixture  of  several  colouring  matters,  two  of  which  Mr.  Sorby  has 
named  "  blue  chlorophyll  "  and  "  yellow  chlorophyll "  respectively. 
In  a  written  communication  which  Sir  G.  Stokes  has  kindly  addressed 
to  me,  he  informs  me  that*he  has  satisfied  himself  that  by  decomposi- 
tion with  acids  blue  chlorophyll  yields  phyllocyanin,  whereas  yellow 
chlorophyll  gives  phylloxanthin.  This  interesting  fact  affords  a 
striking  confirmation  of  the  views  held  by  him  regarding  the  complex 
nature  of  chlorophyll. 

The  literature  oi  chlorophjVL  contains  de8Ct\'pl\oii%  o^  ^^^«^  w!Xi- 
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stances  the  properties  of  which  closely  resemble  those  of    phyllo- 
zanthin.     One  of  these   is  Pringsheim's  "  hypochlorin."     After  im- 
mersiDg  tissues  containing  chloiophyll  in  dilute  hydrochloric  acid, 
PringShcim  observed  the  formation,   aft«r   some   time,   of  peculiar 
brown  crystalloid,  sometimes  even  crystallised,  bodies,  attached  to, 
and  proceeding  from,  the  chlorophyll  corpuscles  of    the  cells,  and 
which  he  supposed  to  pre-exist  in  the  latter,  the  acid  merely  serving 
to  eliminate  them.     They  constitute  his   hypochlorin.      I   have  re- 
peated Pringsheim's  experiments  with  the  leaves  of  various  plants, 
and  found  the  phenomena  under  the  microscope  exactly  such  as  he 
describes.     On  examining  the  properties  of  the  hypochlorin  obtained, 
more  especially  the  absorption  spectrum  of  its  solution,  I  arrived  at 
the  conclusion  that  they  do  not  differ  from  those  of  phylloxanthin, 
and  that  the  two  substances  are,  in  fact,  identical. 

Action  of  Alkalis  on  ChlorophylL 

The  action  of  alkalis  on  chlorophyll  has  been  less  frequently  and 
less  minutely  studied  than  that  of  acids.  This  may  be  easily  ac- 
counted for,  seeing  that,  by  the  prolonged  action  of  alkalis  on  solutions 
of  chlorophyll,  no  marked  changes  as  regards  colour  or  other  outward 
properties  take  place  in  the  latter,  some  authors  goinej  so  far  as  to 
say  that  no  change  whatever  is  effected  by  the  action,  the  chlorophyll 
merely  combining  with  the  alkali  to  form  a  saline  compound.  That 
alkalis  do  not  effect  so  profound  an  alteration  in  chlorophyll  as  acids 
do  is  true;  still,  there  can  be  no  doubt  that  the  former  do  lead  to 
the  formation  of  a  substance  having  quite  distinct  properties,  as  I 
think  I  shall  succeed  in  showing. 

Chaatard,*  who  was,  I  believe,  the  first  to  study  the  action  of 
alkalis  on  chlorophyll,  states  that  when  caustic  potash  is  added  to  an 
alcoholic  solution  of  chlorophyll,  which  is  then  heated,  a  change  takes 
place  in  the  spectrum,  which  consists  in  the  splitting  into  two  of  the 
band  in  the  red,  called  by  him  **  bande  specifique,**  the  addition  of  an 
excess  of  acid  causing  it  to  appear  single  again,  the  doubling  re- 
appearing with  alkalis,  and  so  on.  The  fainter  bands  of  the  chloro- 
phyll spectrum  disappeared  almost  entirely  in  Chautard*s  experiment. 

On  adding  potash  or  soda  to  a  chlorophyll  solution  Russell  and 
Lapraikf  observed  a  change  in  the  spectrum,  which  consisted  in  the 
fading  out  of  all  except  the  least  refrangible  or  dominant  band,  the 
latter  at  the  same  time  spreading  towards  the  blue.  With  a  con- 
siderable excess  of  alkali  the  dominant  band  divided  into  two  distinct 
bands,  in  accordance  with  the  observation  of  Chautard. 

TschirchJ  devotes  a  whole  chapter  of  his  "Investigations'*  to  an 

•  '  Comptes  Rendus.'  toI.  76,  pp.  570,  1273. 

t  'Journal  of  the  Cliemical  Society,'  vol.  41,  p.  .384. 

J  '  Cntersuchungen  ub.  das  Chlorophj  11,'  Berlin,  1884. 
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account  of  the  action  of  alkalis  on  chlorophyll.  The  condasion  he 
arrives  at  is  that  the  action  induces  a  complete  change  in  th&  chloro- 
phyll, leading  to  the  foi*mation  of  a  distinct  snbsfcance  which  he  calls 
*'*'  chloropbyllic  acid.**  The  compounds  of  this  snbstance  with  alkalis 
show,  when  in  solution,  two  bands  in  the  i*ed,  one  of  them  being  yery 
thin.  By  the  action  of  hydrochloric  acid  chloropbyllic  acid  under- 
goes decomposition ;  the  ethereal  solution  of  tbe  product  of  decom- 
position shows  a  spectrum  which  is,  apparently,  that  of  phyllocyanin. 

Hansen  in  his  memoir,  entitled  **  Der  CblorophyllfarbstofP,'*  • 
assumes  that  chlorophyll  undergoes  no  change  by  the  action  of  alkaliF, 
and  even  submits  the  crude  colouring  matter  to  a  process  of  saponi- 
fication in  order  to  obtain  it  in  a  state  of  purity.  The  final  product 
obtained  by  Hansen  appeared  in  sphaero-crystals,  and  consisted, 
according  to  him,  of  chlorophyll,  or,  as  he  prefers  to  call  it,  *'  chloro- 
phyll-green," in  the  highest  possible  state  of  purity.  The  fact  that 
its  solutions  show  the  ordinary  chlorophyll  spectrum  would  seem  to 
prove  the  accuracy  of  this  view.  Nevertheless,  it  is  evident  from  the 
description  of  its  mode  of  preparation  and  properties  that  chlorophyll- 
grden  must  have  been  a  sodium  compound ;  and  this,  indeed,  is 
acknowledged  by  the  author  himself  who,  in  a  subsequent  memoir, f 
describes  a  process  for  obtaining  the*  colouring  matter  free  from 
sodium,  which,  from  the  fact  of  the  substance  being  very  sensitive  to 
the  influence  of  acids,  must  be  conducted  with  care. 

In  a  memoir,  entitled  ''Extraction  de  la  Mati^re  Yerte  des  Feuilles,"^ 
Gnignet  describes  a  method  for  obtaining  the  sodium  compound  of 
chlorophyll  in  dark  green,  crystalline  needles,  of  which  he  says  that 
its  solutions  show  exactly  the  same  absorption  bands  as  those  of 
ordinary  chlorophyll.  I  have  repeated  the  experiments  of  Hansen 
and  Guignet,  but  have  not  succeeded  in  obtaining  a  crystalline  com- 
pound as  they  did,  probably  from  want  of  manipulative  skill  on  my 
part.  The  product  prepared  by  Guignet's  process,  though  amorphous, 
did,  however,  on  decomposition  with  acid  yield  a  result  which  plainly 
showed  that  the  body  acted  on  was  by  no  means  unchanged  chloro- 
phyll ;  the  product  of  decomposition  gave  the  reactions  not  of  phyllo- 
cyanin or  phylloxanthin,  but  of  phyllotaonin. 

In  order  to  confirm  or  otherwise  the  results  arrived  at  by  my  pre- 
decessors, I  devised  a  new  and  comparatively  simple  method  of  pre- 
paring what  has  been  called  '^  alkaline  chlorophyll.**  The  process  I 
adopt  may  be  described  as  follows : — Fresh  leaves,  preferably  of 
grass,  are  treated  with  boiling  spirits  of  wine  containing  about  80  per 
cent,  of  alcohol.  The  green  extract  is  filtered  hot  and,  after  standing 
for  a  day  or  two,  yields  a  dark  green  voluminous  deposit  containing 

•  •  Arbeiten  d.  Bot.  Institute  in  Wfirzburg/  yol.  8,  p.  1. 
t  '  Arbeiten  d.  Bot.  Institute  in  Wtinburg,'  toI.  S,  p.  3. 
J  '  Comptea  RenduB,'  vol.  100,  p.  4d4. 
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a  considerable  portion  of  the  chlorophyll  of  the  extract  along  with 
other  matters.  The  deposit  is  filtered  ofE  and  then  treated  with  a 
boiling  solation  of  caastic  soda  in  strong  alcohol.  The  boiling  should 
be  continued  for  some  time  before  the  liquid  is  filtered.  Through  the 
dark  green  filtrate  a  current  of  carbon  dioxide  is  then  passed  for  some 
time.  The  gas  produces  a  green  deposit  which  settles  rapidly,  the  liquid 
only  retaining  a  pale  yellowish-g^een  colour.  After  standing  some 
time  the  deposit  is  filtered  ofE ;  it  consists  in  great  part  of  crystalline 
particles  of  sodium  bicarbonate,  together  with  the  product  of  the  action 
of  alkali  on  chlorophyll  combined  with  soda.  The  mass  on  the  filter  is 
now  washed  with  cold  alcohol  as  long  as  the  latter  takes  up  colour,  and 
is  then  treated  with  water,  in  which  the  greater  part  dissolves,  a  little 
nicely  crystallised  chrysophyll  being  generally  left  undissolved.  The 
filtrate  is  now  mixed  with  several  times  its  volume  of  a  saturated  solu- 
tion of  common  salt.  This  gives  a  green  flocculent  precipitate  which 
settles  slowly,  leaving  a  supernatant  pale  green  liquid.  The  precipi- 
tate is  filtered  off  and  washed  with  saturated  salt  solution  until  the 
percolating  liquid  is  no  longer  alkaline.  It  is  then  treated  with  boiling 
alcohol,  which  dissolves  the  greater  part,  leaving  undissolved  a  small 
quantity  of  green  powder  consisting  of  calcium  and  magnesium  com- 
pounds formed  by  double  decomposition  from  the  calcium  and  mag- 
nesium chlorides  with  which  common  salt  is  usually  contaminated. 
The  filtered  alcoholic  solution  leaves  on  evaporation  a  dark  green 
i-esidue  along  with  a  quantity  of  salt.  The  latter  may  be  in  part 
removed  by  treatment  with  a  small  quantity  of  cold  water,  and  the 
ivst  remains  behind  when  cold  absolute  alcohol,  in  which  the  green 
compound  is  soluble,  is  added.  The  solution  in  absolute  alcohol  is  of 
a  pure  dark  green,  and  leaves  on  evaporation  an  amorphous  I'csin-like 
i-esidue,  which  is  purple  and  lustrous  by  reflected  and  bright  green 
by  transmitted  light ;  it  may  be  easily  pulverised,  yielding  a  dark 
green  powder. 

The  product  thus  obtained  is  a  sodium  compound,  and  is  soluble  in 
water.  The  aqueous  solution  gives  green  precipitates  with  barium 
chloride,  lead  acetate,  cupric  acetate,  and  silver  nitrate;  the  silver 
precipitate  blackens  at  once  on  boiling  the  liquid.  In  order  to  obtain 
the  substance  with  which  the  sodium  is  combined,  the  product  is  dis- 
solved in  water  and  just  sufficient  acetic  acid  is  added  to  set  the 
green  substance  combined  with  the  sodium  at  liberty.  The  whole  is 
then  shaken  up  with  ether,  which  dissolves  the  green  flocculent  pre- 
cipitate, giving  a  dark  green  solution.  The  latter  is  washed  several 
times  with  water  in  order  to  remove  the  free  acid  and  sodium 
acetate,  and  is  then  evaporated  spontaneously,  when  it  leaves  a  residue 
which  cannot  be  distinguished  by  its  appeai*ance  from  the  sodium 
compound  from  which  it  is  derived. 

The  substance  thus  obtained  poftsesaea  i^vo^^Tt\^>i  Vf^  -wlvich  it  may 
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be  easily  distinguished  from  chlorophyll,  and  which  give  it  the 
character  of  a  substance  sui  generis,  I  woald  propose  to  call  it,  until 
a  better  name  can  be  found,  alkachlorophyll,  a  name  pointing  at  the 
same  time  to  the  agent  by  which  it  is  formed  and  to  its  resemblance 
to  the  mother  substance.  It  shows  no  signs  whatever  of  crystalline 
Atractnre,  is  quite  insoluble  in  boiling  water,  but  easily  soluble  in 
alcohol,  ether,  chloroform,  benzol,  aniline,  and  carbon  disulphide,  but 
insoluble  in  petroleum  ether.  Its  solutions  have  a  brilliant  green 
colour  with  a  ])ronounced  bluish  tinge,  by  which  they  may  be  easily 
distinguished  from  ordinary  chlorophyll  solutions,  and  a  marked  red 
fluorescence.  The  ethereal  solution  shows  no  less  than  six  absorption 
bands.  Of  these,  the  two  in  the  red  probably  correspond  with  those 
first  observed  by  Ghautard,  while  the  one  in  the  blue  is  in  a  part  of 
the  spectrum  in  which  total  absorption  takes  place  with  ordinary 
chlorophyll  solutions. 

Alk'ichloropbyll  in  solution  shows  a  remarkable  degree  of  per- 
manence when  exposed  to  the  combined  action  of  air  and  light  as 
compared  with  chlorophyll.  Having  prepared  an  ethereal  solution  of 
alkachlorophyll,  and  also,  an  ethereal  solution  of  ordinary  chlorophyll, 
from  fern  fronds,  as  nearly  as  possible  of  the  same  depth  of  colour  as 
the  difference  of  tint  would  permit,  I  exposed  the  two  solutions  in 
loosely  stoppered  bottles  to.  the  action  of  alternate  sunlight  and 
diffused  daylight  in  a  window  facing  the  south.  The  experiment 
commenced  on  the  21st  February.  On  the  27th  of  the  same  month 
the  chlorophyll  solution  had  lost  its  green  colour  and  become  yellow, 
the  chlorophyll  bauds  having  disappeared,  those  still  remaining  being 
due  to  phyllocyanin,  the  formation  of  which  was  doubtless  due  to  de- 
composition of  part  of  the  chlorophyll.  The  solution  of  alkachloro- 
phyll,  on  the  other  hand,  was  still  green,  and  still  showed  the  six 
original  bands,  though  it  was  found  to  have  lost  in  intensity  of  colour 
when  compared  with  another  portion  of  the  same  solution  that  had 
been  kept  in  the  dark.  On  the  11th  March  the  solution  had  become 
pale  green,  and  now  only  showed  four  bands.  On  the  25th  March 
the  solution  still  showed  the  bands  in  the  red  and  blue,  though  they 
appeared  very  faint.  On  the  8th  May  a  slight  green  tinge  was  still 
visible,  but  the  bands  had  nearly  disappeared.  The  relatively  great 
stability  of  alkachlorophyll  when  exposed  to  air  and  light  is  of  itself 
sufficient  to  prove  that  by  the  action  of  alkali  chlorophyll  undergoes  a 
thorough  change. 

The  action  of  acids  on  alkachlorophyll  is  especially  interesting,  be- 
cause the  products  to  which  it  gives  rise  differ  entirely  from  those 
derived  from  the  decomposition  of  chlorophyll  with  acids.  When 
acetic  acid  is  added  to  an  alcoholic  solution  of  alkachlorophyll  the 
solution  on  heating  loses  its  green  colour,  which  cl\aTV^<a%  tcv  ^  ^ccc'cj 
pnxple.    The  substance  ia  now  completely  decomposed, XsvvXi  tlo  ^N>\<?i- 
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cyanin  is  foand  among  the  products  of  decomposition,  the  cbief 
product  nearly  resembling  phyllotaonin,  with  which  it  is  indeed  prob- 
ably identical.  The  solution,  on  being  evaporated  nearly  to  dryness, 
gives  a  dark  coloured  deposit,  which  being  filtered  off  may  be  dis- 
solved in  boiling  glacial  acetic  acid.  The  solution  left  to  stand  yields 
a  semi-crystalline  deposit,  which,  filtered  off,  washed  with  cold  alcohol, 
and  dried,  appears  purple  by  reflected  light ;  it  dissolves,  though  not 
readily,  in  ether,  giving  a  purplish  solution  which  shows  the  same 
absorption  bauds  as  phyllotaonin  acetate  or  etLylphyllotaontn.  On 
treatment  with  alcoholic  potash  it  dissolves,  giving  a  bright  green 
solution  which  on  boiling  turns  brown,  and  on  now  adding  acetic  acid 
and  shaking  up  with  ether  a  solution  is  obtained  which  has  the 
colour  and  shows  the  same  bands  as  a  solution  of  phyllocyanin. 

These  reactions  would  seem  to  indicate  the  presence  of  phyllotaonin 
among  the  products  of  decomposition  of  alkachlorophyll ;  the  simul- 
taneous presence  of  other  products,  especially  fatty  acid,  renders  iti 
purification  difficult.  The  method  of  preparing  alkachlorophyll  M 
above  described  does  not  of  course  preclude  the  possibility  of  its  con- 
taining an  admixture  of  fatty  acid  ;  still  I  cannot  help  thinking  that 
a  portion  at  least  of  the  fatty  acid  foand  is  actually  formed  doling 
the  process  of  decomposition  with  acids. 

In  order  to  see  whether,  in  addition  to  the  one  just  described, 
some  other  product  or  products  possibly  soluble  in  water  were  formed 
by  the  action  of  acids  on  alkachlorophyll,  a  quantity  of  the  substance 
was  treated  with  boiling  dilute  sulphuric  acid.  The  acid  liquid 
filtered  from  the  undissolved  matter  was  coloured  blue.  On  being 
neutralised  with  barium  carbonate  the  blue  colour  disappeared,  and 
the  liquid  having  been  filtered  and  evaporated  left  a  slightly  coloured 
residue  which  was  treated  with  absolute  alcohol.  This  dissolved  a 
portion,  and  left  after  filtration  and  evaporation  a  pale  yellow 
glutinous  residue.  This  residue  was  soluble  in  water,  but  insoluble 
in  ether.  The  watery  solution  had  an  alkaline  reaction  ;  it  did  not 
react  with  Fehling's  solution.  The  alcoholic  solution  gave  with 
platinum  chloride  a  pale  yellow  crystalline  deposit.  The  quantity  of 
the  substance  obtained  in  this  experiment  was  too  small  to  allow  of 
its  identification..  Should  it  turn  out  to  be  an  oi*ganic  base,  as  its  re- 
actions would  seem  to  indicate,  the  fact  would  tend  to  confirm  the 
view  taken  by  Hoppe-Seyler,  who  obtained  cholin  as  a  product  of  de- 
composition of  his  chlorophyllan,  and  hence  concluded  that  chloro- 
phyll itself  might  have  a  constitution  similar  to  that  of  lecithin. 
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•  Thii  ■peotrom,  which  hae  already  been  figured,  ia  here  giTen  again  for 
n  with  the  folloiring  one. 
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January  14,  1892. 

Mr.  JOHN  EVANS,  D.C.L.,  LL.D.,  Treasurer,  in  the  Chair. 

The  Chairman  announced  the  lamented  death  of  H.R.H.  the  Duke 
of  Clarence  and  Avondale. 

The  Fellows  determined  to  acyoum  the  Meeting  forthwith,  aad 
diluted  the  Secretaries  to  send,  on  behalf  of  the  Society,  addresses  of 
sympathy  in  their  deep  affliction  to  Her  Majesty  the  Qaeen  and 
Their  Boyal  Highnesses  the  Prince  and  Princess  of  Wales. 


January  21,  1892. 

Sir  WILLIAM  THOMSON,  D.C.L.,  LL.D.,  President,  in  the  Chair. 

The  Treasurer  read  a  Letter  which  had  been  sent  to  him  as  Chair- 
man of  the  preceding  Meeting,  expressing  the  warm  thanks  of  the 
Prince  of  Wales  for  the  sympathy  expressed  by  the  Fellows  of  the 
Royal  Society  in  his  affliction. 

The  Treasurer  offered  the  Congratulations  of  the  Society  to  the 
President  on  his  elevation  to  the  Peerage. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  Right  Hon.  Farrer  Herschell,  Lord  Herschell,  whose  certificate 
had  been  suspended,  as  required  by  the  Statutes,  was  balloted  for 
and  elected  a  Fellow  of  the  Society. 

The  following  Papers  were  read  : — 

1.  "  Note  on  the  Audibility  of  single  Sound  Waves,  and  the 
Number  of  Vibrations  necessary  to  produce  a  Tone."  By 
E.  F.  Herroitn  and  Gerald  F.  Yeo,  F.R.S.  Received 
November  26,  1891. 

I. 

When  investigating  the  sounds  produced  by  skeletal  muscle  when 
caused  to  contract  at  varying  rates  by  electric  stimulation,  we  were 
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ihoroiiglilj  convinced  that  a  single  contraction  produced  by  a  single 
induction  shock  gave  rise  to  an  audible  sound  of  somewhat  the  same 
character  as  the  first  sound  of  the  heart.* 

But  it  was  urged  by  some  physical  friends  that  if  the  contraction 
were  really  a  single  one,  causing  a  single  vibration,  it  could  not  be 
heard,  because  a  series  of  vibrations  was  necessary  to  produce  a  sound, 
ftod  therefore,  unless  secondary  oscillations  succeeded  the  contraction, 
the  latter  would  be  inaudible. 

Now  muscular  tissue^  especially  when  surrounded  by  fascia, 
fat,  Ac.,  seemed  to  be  particularly  ill  suited  for  sustaining  any  such 
series  of  vibrations,  and  no  such  oscillations  can  be  detected  on  the 
graphic  record  of  the  muscular  movement. 

When  the  muscle  was  stimulated  at  regular  intervals  with  increasing 
frequencies  the  short  thuds  due  to  each  contraction  could  be  heard 
separately  up  to  a  rate  of  about  forty  per  second,  when  these  thuds 
became  gradually  fused  into  a  dull  tone,  only  clear  at  somewhat 
above  the  rate  now  accepted  as  the  lower  limit  of  audibility  of  true 
tones,  viz.,  forty-one  vibrations  per  second.  We  adopt  this  rate, 
given  by  Helmholtz,t  and  neglect  the  rates  of  Savart  and  Preyer,]: 
^»  we  believe  the  tones  they  heard  were  probably  due  to  harmonic 
additions  to  the  rumble  of  single  sound  waves  caused  by  8  or 
15  V.D.  per  second.  That  the  droning  sound  produced  by  the 
lowest  organ  pipes  is  not  really  heard  as  a  true  tone  seems  satis- 
factorily proved  by  the  well-known  fact  that  they  cannot  be  tuned 
by  the  ear  alone  even  of  the  greatest  expert,  but  only  indirectly  by 
the  beats  which  they  make  with  the  tones  of  the  upper  octaves.  The 
value  of  such  sounds  as  those  produced  by  a  body  vibrating  slower 
than  forty  times  per  second,  and  having  no  true  tone  capable  of 
•differentiation  of  pitch,  can  only  be  to  modify  and  soften  the  tones  of 
higher  octaves,  which  so  occupy  the  auditory  apparatus  as  to  make 
the  separation  of  the  slow  single  vibrations  no  longer  perceptible. 

But  the  question  of  the  vibrations  becoming  fused  into  a  musical 
tone  is  distinct  from  that  of  the  audibility  of  each  vibration  separately, 
except  in  so  far  as  the  admission  of  imperfect  union  distinctly 
implies  the  audibility  of  the  separate  vibrations. 

To  us  there  did  not  seem  to  be  the  least  physiological  difficulty  in 

•  *  Journal  of  Physiology,'  toI.  6,  p.  287. 

t  '  Die  Lehre  v.  d.  Tonempfindungen/  &c.,  Bratinsohweig,  1870,  p.  278 :  "  In  der 
'kiinstlerischt  ToUendeten  Musik  des  Orchesten  ist  deshalb  auoh  der  tieftte  Ton 
welcher  angewendet  wird,  das  E,  des  Contrabasses  ron  41  Schwingnngen,  iind  ich 
glaube  mit  Sicherheit  Toraussogen  zu  kdnnen,  das  alle  Anstrengunen  der  nenereo 
Technik,  tiefere  gnt  musikalische  T5ne  bervorzubringen,  scheitem  mflssen,  nicht 
well  es  an  Mittoln  fehlte  passende  Luftbewegungen  zn  erregen,  sondem  weil  dam 
menschliche  Ohr  seine  Dienste  yersagt." 

X  '  Pbysiologisehe  Abbandlungen,*  TheU  1,  pp.  1 — ^17. 

7.^ 
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the  belief  that  a  single  wave  conld  be  transmitted,  so  as  to  excite 
the  terminals  of  the  auditory  nerve. 

On  the  other  hand,  if  one  complete  vibration  does  not  stimulate 
the  hearing  apparatus,  a  distinct  logical  difficulty  presents  itself 
when  we  attempt  to  explain  how  multiples  of  no  stimulation  can  give 
rise  to  such  an  immense  variety  of  definite  effects  on  the  cochlea  and 
the  brain.  If  expressed  as  a  formula,  the  inaudibility  of  single 
vibrations  appears  absurd,  1  V.D.  =  0  but  528  V.D.  =  C". 

Being  satisfied  that  a  single  contraction  of  muscle  could  be  heard 
as  a  thud,  and  that  the  single  thuds  could  be  heard  separately  until  a 
rate  was  attained  that  fused  them  into  a  tone,  it  was  thought 
advisable  to  examine  some  physical  instruments  for  the  production  of 
sound,  which  admit  of  adjustment  to  various  rates  above  and  below 
the  lower  limit  of  appreciation  of  tone. 

It  is  well  known  that,  with  organ  pipes  32  feet  long,  or  with  a 
monochord,  the  string  of  which  by  weighting  has  been  made  to 
vibrate  below  thirty  times  per  second,  sounds  are  heard  having  the 
character  of  an  imperfectly  fused  rumble,  in  which  the  ear  can  dis- 
tinctly detect  the  separate  vibrations,  but  no  distinctive  tone. 

Some  exception  might  be  taken  to  the  evidence  furnished  by  the 
use  of  pipes  or  strings  as  to  the  audibility  of  the  separate  waves  on 
account  of  the  possibility  of  harmonic  sub-division  of  the  column  of 
air  or  string  giving  the  octave  as  the  chief  harmonic.  We,  therefore, 
preferred  to  use  tuning  forks,  in  the  case  of  which  this  objection  does 
not  obtain,  as  their  vibrations  are  probably  the  most  purely  pendular, 
and  the  first  harmonic  of  the  fork  is  so  much  higher  in  pitch  (6f  times 
the  vibration  frequency  of  the  fundamental  tone),  as  to  be  always 
readily  recognisable  if  present.  With  a  fork  of  30  V.D.  per  second, 
a  sound  is  produced  which  is  audible  through  the  air,  but  much  more 
distinctly  so  by  placing  the  base  of  the  fork  in  contact  with  the  head 
or  by  fixing  the  fork  firmly  in  a  block  of  wood  which  was  auscultated 
by  a  binaural  stethescope.  The  character  of  the  sound  remained  the 
same  when  transmitted  by  these  different  methods.  At  this  rate  of 
vibration  (thirty  per  second),  the  impression  is  just  becoming  con- 
tinuous, but  not  sufficiently  so  as  either  to  prevent  the  recognition  of 
the  separate  vibrations  or  to  produce  a  distinctive  tone.  By  the  use  of 
brass  weights,  firmly  clamped  at  different  heights  on  the  prongs  of 
the  fork,  its  rate  of  vibration  was  reduced  to  28,  24,  and  20  V.D.  per 
second  respectively,  the  rate  being  estimated  by  being  recorded  on  a 
smoked  surface  moving  at  a  known  velocity.  The  effect  of  this  reduc- 
tion of  rate  is  that,  while  the  intensity  of  the  sound  becomes  enfeebled, 
the  separation  of  the  constituent  vibrations  becomes  more  distinct  and 
unmistakable.  Thus  the  audibility  of  the  fork  becomes  less  and  less 
as  the  rate  is  lowered,  but  the  sound  always  preserves  the  same  tone- 
Jes8  and  inteiTupted  character.    These  effects  of  reducing  the  rate  of 
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▼ibration  ought  not  to  take  place  if  the  audition  depended  upon 
adventitious  vibrations  set  up  in  bodies  in  contact  with  the  fork.  But, 
if  eaoh  vibration  transmits  a  distinct  movement  to  the  ossicles  of  the 
ear,  both  these  effects  should  be  expected,  and  are  easily  explained. 
And  the  fact  that,  with  the  low  rates  of  vibration,  the  waves  in  air 
are  so  long  and  the  changes  of  pressure  so  gradaal  that  the  sound 
ceases  to  be  appreciated  through  the  air,  while  still  distinctly  audible 
through  the  bones  of  the  head,  also  becomes  clear.  We  may  tben  con- 
clude that  when  the  rate  of  vibration  is  reduced  to  that  at  which  the 
individual  waves  are  no  longer  heard,  the  fork  has  become  absolutely 
inaudible ;  while  the  power  of  differentiating  tone  is  lost  long  before 
this  limit  has  been  reached. 

It  might  be  alleged  that,  although  the  fork  gives  rise  to  a  series  of 
pure  pendular  vibrations,  these  set  up  secondary  vibrations  of  higher 
frequency  in  the  membrane  of  the  tympanum,  or  some  medium  through 
which  the  waves  pass. 

To  test  this  point,  we  constructed  a  kind  of  phonautograph  in 
imitation  of  the  tympanic  membrane.  It  consisted  of  a  circular  metal 
frame,  over  which  a  thin  india-rubber  membrane  was  stretched  with 
very  slight  and  adjustable  tension.  An  extremely  light  lever,  armed 
with  a  fine  writing  point,  and  poised  on  jewelled  bearings,  similar  to 
the  escapement  of  a  watch,  was  brought  into  connexion  with  the 
centre  of  this  membrane,  so  as  to  record  its  slightest  movement  on  a 
smooth,  lightly-smoked,  moving  surface.  With  this  apparatus  we 
were  able  to  record  the  vibration  of  forks  at  the  rate  of  25  and  30 
Y.D.  pei'  second,  when  the  fork  was  held  about  2  or  3  cm.  from 
the  membrane,  and  the  vibrations  thus  transmitted  through  the 
medium  of  the  air.  The  tracing  was  made  up  of  a  series  of  regular 
undulations,  entirely  free  from  any  indication  either  of  over-tones  or 
'^  self-tone  "  of  the  membrane.  It  appears,  then,  exceedingly  im- 
probable, if  such  a  comparatively  rough  mechanism  can  transmit 
these  slow  toneless  waves  without  exhibiting  any  tendency  to  per- 
sistent vibration  of  its  own,  that  this  should  occur  with  the  membrana 
tympani,  the  structure  of  which  is  adaptively  modified  so  as  to  check, 
in  particular,  any  such  effect,  and  which  is  capable  of  differentiating 
such  a  wide  range  of  tones  with  equal  precision. 

From  the  foregoing  it  would  appear  that  not  only  is  there  no 
di£5culty  in  understanding  how  these  waves,  which  are  too  slow  to 
produce  a  tone,  are  carried  to  the  nerve,  but  also  that  the  pure 
pendular  vibrations  of  tbe  tuning  fork  furnish  conclusive  evidence  of 
the  audibility  of  each  single  wave  when  reduced  to  a  rate  at  which 
tone  can  no  longer  1)0  discriminated. 

In  order  to  obtain  single  vibrations  of  the  more  rapid  rate  of  higher 
notes  (t.e.,  vibrations  of  short  durations  isolated  from  the  series 
causing  the  note)  we  employed  a  disk  siren  in  w\)i(i\i  ^\rj  n^n^c^T  q\. 
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boles  conld  be  left  open  or  closed  at  will.  Tbe  wbeel  was  tamed  by 
hand,  about  twenty-five  rotations  of  the  disk  being  the  mazimiim 
attainable  with  the  required  regularity. 

By  leaving  only  one  hole  open,  only  one  pn£E  was  made  at  each 
revolution.  By  varying  the  rate  of  rotation,  waves  of  different  duxa* 
tion,  i.e.f  corresponding  to  vibrations  of  different  pitch,  conld  be 
produced.  No  matter  how  the  rate  of  revolution  was  increased,  up 
to  the  maximum,  twenty-five  per  second,  only  the  single  puffs  could  be 
heard ;  at  first  quite  separate,  then  as  a  soft  purr,  and  at  the  quickest 
rate  like  a  kind  of  rapid  patter. 

With  this  siren,  the  sound  caused  by  the  single  impulse  is  most 
distinct  and  clear,  and  its  invariability  in  character  with  varying  rate 
and  varying  blast  of  air  particularly  noticeable.  The  single  puffs  of 
a  duration  not  exceeding  tt^  second  were  thus  perfectly  audible. 

As  the  rates  just  referred  to  were  estimated  from  the  number  of 
revolutions  made  by  the  driving  wheel,  we  thought  it  advisable  to 
control  this  method  of  measuring  the  length  of  the  waves  by  ascer* 
iaining  the  note  produced  by  the  siren  when  all  the  holes  were  open 
while  the  disk  revolved  at  the  same  rates.  It  was  thus  found  that 
clear  tones  could  be  heard  varying  with  the  rate  up  to  the  maximal 
attainable  limit,  somewhat  above  the  note  C",  i.e.,  1056  per  second. 

II. 

No  doubt  adventitious  secondary  oscillations  followed  the  single 

puffs  for  a  short  period,  and  probably  gave  them  character  as  well  as 

making  them  more  distinctly  audible.     Hence  we  wished  to  hear 

what  character  the  tones  would  have  if  caused  by  a  short  series  of 

these  vibrations.      We    commenced  with   a  number  of   holes  open 

which,  at  our  maximal  rate,  would  have  a  duration  of  y^  second. 

This  gave  a  tone  similar  to,  and  quite  as  distinct  as,  that  produced 

when   all   the   holes  were  open.     We  then   gradually  reduced  the 

number  of  holes  used,  and  we  found  a  fact  which,  as  far  as  we  know, 

has  not  been  previously  observed,  and  for  which  we  were  not  prepared 

by  the  importance  given  by  our  physical  friends  to  the  necessity  of  a 

series  of  waves  in  the  production  of  sounds.     When  only  two  holes 

remained  open,  the  variation  in  tone  following  changes  in  rate  was 

perfectly  distinct,  and  a  note  even  higher  than  C",  corresponding  to 

1056  V.D.  could  be  heard  perfectly.    That  is  to  say,  a  series  made  up 

of  two  puffs  which  lasted  T^reth  of  a  second  each,  or  less  than  -g^th 

of  a  second  for  the  series,  was  capable  of  stimulating  the  terminals  of 

the  auditory  nerve  in  such  a  way  as  to  make  the  tone  C"  readily 

recognisable. 

When  the  single  hole  and  the  double  hole  were  tried  alternately, 

the  result  was  striking.     The  pitch  of  the  note  caused  by  the  short 

series  o£  two  puffs  rose  and  ieU  witb.  the  iucrease  or  decrease  of  the 
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rate  of  rotation,  while  with  the  single  hole  the  puff,  though  distinctly 
audible,  remained  the  same  monotonoos  sound,  independent  of 
sudden  variations  of  the  speed  of  the  disk.  The  only  change  in 
character  was  that  the  intensity  diminished  with  the  lower  rates  of 
vibration. 

From  the  foregoing,  we  have  been  led  to  the  following  condusions : — 

1.  When  sonnd  is  produced  by  a  vibrating  body,  each  individual 
wave  of  the  series  causing  the  tone  stimulates  the  terminals  of  the 
auditory  nerve.  If  the  single  vibrations  are  of  such  a  nature  as  to  be 
inaudible,  no  tone  can  be  heard. 

2.  The  individual  vibrations  can  be  heard  when  the  rate  of  vibra- 
tion 18  too  slow  for  a  distinctive  tone  to  be  appreciated. 

3.  The  immediate  succession  of  two  waves,  at  rates  of  vibration 
above  fifty  per  second,  gives  rise  to  a  sensation  of  tone  having  the 
same  pitch  as  that  yielded  by  a  prolonged  series  at  the  same  rate. 

That  is  to  say,  one  can  distinguish  the  tone  produced  when  only 
two  vibrations  of  a  series  reach  the  terminals  of  the  auditory  nerve. 

4.  Having  worked  for  some  time  with  rates  of  vibration  near  the 
limit  of  the  lowest  tones,  we  are  forced  to  admit  that  we  have  not 
attained  the  skill  (said  to  be  attained  by  practice)  of  distinguishing 
small  changes  in  pitch  with  rates  of  vibration  below  fifty  per  second ; 
at  least,  in  the  case  of  pendular  vibration,  such  as  is  produced  by 
tuning  forks  or  muscular  contraction. 


II.  **  On  the  Mechanism  of  the  Closure  of  the  Larynx.  A  Pre- 
liminary Communication."  By  T.  P.  Anderson  Stuart, 
M.D.,  Professor  of  Physiology,  University  of  Sydney, 
N.S.W.,  Australia.  Communicated  by  Professor  E.  A. 
SCHAFER,  F.R.S.    Received  December  10,  1891. 

By  a  series  of  papers  ending  with  that  by  myself  with  Dr.  A. 
McGormick  (*  Joum.  Anat.  Physiol.,'  January,  1892),  it  has  been 
finally  determined  that  the  time-honoured  doctrine  of  the  closure  of 
the  larynx  by  a  lid-like  action  of  the  epiglottis  is  quite  untenable ; 
but,  so  far  as  I  am  aware,  no  satisfactory  account  of  how  after  all  the 
larynx  is  closed  voluntarily  and  reflexly  has  as  yet  been  given.  The 
determination  of  the  positive  side  of  the  question  was  nevertheless 
the  necessary  sequel  of  the  determination  of  the  negative  side; 
having  settled  how  it  is  not  closed,  one  naturally  proceeded  to  enquire 
how  the  larynx  is  closed,  since  closed  it  at  times  must  be,  and  that  at 

its  very  entrance. 

In  the  literature  of  the  subject  I  find  that  there  is  considerable 
looseness  of  diction.  "Closure  of  the  larynx"  may  mean  either 
"  closure  of  the  glottis,"  **  closure  of  the  vestibule "  at  "  ^^to^  ^1 
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the  BTiperior  aperture  of  the  larynx."  These  are  manifestly  three 
yexy  different  things,  and  it  is  that  of  the  superior  aperture  which 
was  effected  by  the  epiglottis  according  to  the  old  doctrine.  On 
account  of  this  looseness  of  diction,  the  experiments  of  John  Beid 
lose  most  of  their  value  in  this  connexion. 

Now  when  one  reflects  that  closure  of  the  glottis  merely  would 
still  leave  patent  all  that  portion  of  the  laryngeal  cavity  above  the 
level  of  the  glottis,  the  vestibule,  a  region  exquisitely  sensitive  to 
mechanical  irritation,  one  immediately  perceives  that  if  the  epiglottis 
does  not  effect  the  closure,  then  some  other  agency  must  exist  where- 
by the  superior  aperture  of  the  larynx,  its  very  entrance,  is  closed 
against  the  entrance  of  food  particles  during  deglutition.  It  is  quite 
immaterial  where  the  closure  takes  place  so  isar  as  closure  of  the 
larynx  during  forced  efforts  is  concerned,  but  it  is  not  immaterial 
where  it  is  effected  in  deglutition,  for  the  superior  aperture,  at  least, 
must  be  closed,  however  much  &rther  downwards  the  closure  takes 
place.  Were  it  to  remain  open,  the  vestibule  of  the  larynx  would  be 
a  regular  funnel  specially  adapted,  as  it  were,  to  take  up  particles  of 
food.  Such  particles  after  the  act  of  deglutition  is  over  would  need 
to  be  expelled  by  a  violent  expiration,  a  cough,  or  they  would  by  their 
weight  &11  into,  or  by  the  force  of  the  inspiratory  air  blast  they  would 
be  drawn  into,  the  lower  passages.  Now  these  things  do  not  happen, 
so  that  a  priori  even,  we  may  assume  that  the  actual  entrance  to 
the  larynx  is  closed,  and  experimentally  I  have  seen  that  it  is  closed, 
while,  on  the  other  hand,  Longet  kept  the  margins  of  the  glottis  so 
apart  that  that  aperture  could  not  be  closed,  and  yet  the  act  of 
swallowing  was  carried  out  normally. 

It  may  be  well  to  give  a  straightforward  account  of  how  I  have 
observed  the  larynx  to  be  closed,  and  I  shall  then  give  details  of 
experimental  observations. 

The  observations  were  made  on — 

1.  A  man  who  had  a  large  part  of  the  side  wall  of  the  pharynx 
removed  for  carcinoma,  without  in  any  way  interfering  with  the 
larynx.  The  man  made  a  good  recovery,  and  when  feeding  by  the 
use  of  the  stomach-tube  was  discontinued,  he  immediately  swallowed 
as  perfectly  as  he  ever  afterwards  did,  so  that  no  education  of  the 
parts  seemed  necessary,  and  he  continues  to  swallow  about  as  well 
as  he  ever  did,  so  that  in  f auction  the  parts  are  practically  unim- 
paired. This  man  usually  wears  a  rubber  pad  over  the  hole,  but 
xipon  the  removal  of  the  same,  that  is,  even  with  the  hole  open,  one 
caii  watch  with  the  unaided  eye  many  of  the  phenomena  of  voluntary 
closure  of  the  larynx,  swallowing,  coughing,  singing,  and  so  on. 
With  the  hole  open  a  bolus  of  solid  food  is  successfully  swallowed, 
perhaps  once  out  of  three  attempts ;  the  other  two  times  it  will  escape 
bj  the  open  hole. 
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2.  A  series  of  healthy  persons  examined  laryngoscopically. 

3.  Frogs,  Toirtoises,  Ldzards,  Birds,  examined  by  simply  opening  the 
moath  and  observing  the  top  of  the  larynx,  and  the  effects  of  stimu- 
lating certain  of  its  mnscles. 

4.  The  Opossum,  Cat,  Dog,  and  Goat,  ansBsthetised  with  chloroform, 
and  the  laryngeal  aperture  examined  through  an  incision  in  the 
middle  line  above  the  level  of  the  epiglottis.  Swallowing  was 
observed  as  it  occurred  spontaneously  or  was  evoked  by  irritating  the 
pharyngeal  mucous  membrane.  The  relation  of  the  tip  of  the 
epiglottis  to  the  lower  end  of  the  incision  formed  an  excellent  guide 
as  to  whether  or  not  the  epiglottis  moved.  The  complete  closure  of 
the  larynx  was  tested  by  the  stoppage  of  a  current  of  air  sucked 
down  through  the  larynx. 

In  Man,  and  presumably  in  other  animals  with  larynges  of  a  like 
build,  during  respiration  the  arytenoid  cartilages  stand  backwards 
and  are  rotated  outwards.  They,  surmounted  by  the  Santorinian 
cartilages  and  enveloped  in  the  mucous  membrane,  are  continually 
but  somewhat  irregularly  advancing  and  retiring  synchronously  with 
the  movements  of  expiration  and  inspiration.  When  they  are  back- 
wards as  in  inspiration,  the  arytenoids,  the  posteiior  margin  of  the 
saperior  aperture  of  the  larynx,  lie  against,  and  may  indent,  the  pos- 
terior wall  of  the  pharynx.  In  forced  respiration  these  movements  are 
exaggerated.  The  upward  and  backward  direction  continaes  more 
or  less  the  direction  of  the  plane  of  the  lamina  of  the  cricoid  cartilage. 

When  the  laryngeal  entrance  is  to  be  closed,  the  arytenoid  carti- 
lages leave  the  posterior  wall  of  the  pharynx,  are  rotated  and  are 
moved  bodily  inwards,  so  as  to  bring  their  internal  faces  into  contact, 
are  inclined  iorwards,  and  glide  forwards. 

By  the  apposition  of  the  arytenoids  a  mesial  fissure  makes  its 
appearance,  bounded  posteriorly  by  the  fold  of  mucosa  containing 
the  transverse  arytenoid  muscle  and  laterally  by  the  arytenoids. 
The  plane  in  which  this  fissure  lies  is,  in  Man  in  the  erect  posture, 
obliquely  from  before  downwards  and  backwards.  This  fissure  ends 
anteriorly  in  another  fissure,  which,  however,  is  transverse ;  the  two 
together  constitute  a  triradiate  fissure  having  the  form  of  a  squat "]", 
the  vertical  limb  being  somewhat  short,  and  the  transverse  limb 
rounded,  owing  to  the  pulling  inwards,  towards  the  middle  line,  of 
the  margins  of  the  epiglottis,  so  that  the  epiglottis  thus  forms  a  more 
marked  hollow  to  receive  the  tips  of  the  arytenoids. 

The  transverse  fissure  constituting  the  head  of  the  "]"  is  bounded 
anteriorly  by  the  epiglottis,  and  posteriorly  by  the  ary- epiglottic  folds. 
The  ends  of  this  fissure  are  closed  by  the  junction  of  the  ary- 
epiglottic  folds  with  the  margin  of  the  epiglottis,  and  in  the  middle 
line  posteriorly  it  receives  the  posterior  or  inter-arytenoid  limb  of 
the  triradiate  fissure. 
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Around  the  central  point  of  this  triradiate  fissure  are  to  be  noted 
three  prominences  or  thicknesses,  viz.,  in  front,  and  in  the  mesial 
plane,  the  cushion  of  the  epiglottis  more  or  less  filling  up  the  slight 
hollow  left  between  the  two  prominences  next  to  be  mentioned,  vis., 
slight  thickenings  at  the  point  of  flexion  of  the  ary-epiglottio  folds, 
where  the  lateral  boundary  ot  the  antero-posterior  limb  of  the  fissure 
becomes  contiuuous  with  the  posterior  boundary  of  the  transYene 
portion ;  these  are  the  tubercles  of  Wrisberg. 

Having  observed  the  appearances  in  the  case  of  Dyason  ('Jl. 
Anat.  Physiol.,*  ut  «tiprd),  I  thought  it  advisable  to  get  independent 
observations  made  by  professed  laryngologists,  whom  I  had  made 
acquainted  with  my  observations.  At  my  request,  therefore,  Dr. 
Barrett  and  Mr.  Iredell,  of  Melbourne,  kindly  undertook  to  look  into 
the  matter,  and  here  is  what  they  say  : — 

Dr.  Barrett. — "  The  appearances  of  the  larynx  as  seen  from  above 
with  the  laryngoscope  when  closed  during  forcible  expulsive  efforts. 
A  laryngoscopic  examination  was  made  in  the  cases  of  two  young 
men  with  normal  throats.  They  were  directed  to  make  expulsive 
efEorts,  as  in  defadcation.  In  both  cases  the  appearances  were  similar. 
A  view  was  first  obtained  during  ordinary  expiration,  and  then  forcible 
expulsive  efforts  were  made.  The  following  changes  occurred: — 
The  cords  and  arytenoids  approximated,  and  then  the  arytenoids 
moved  forward  until  the  mucous  membrane  and  comicula  over  them 
were  firmly  pressed  against  the  epiglottis,  at  a  point  much  higher 
than  the  attachment  of  the  vocal  cords.  The  epiglottis  did  not 
during  the  closure  in  any  way  alter  its  inclination,  remaining  vei-tical 
thronghout.  In  one  case,  however,  it  became  very  much  more  curved 
round  a  vertical  axis.  It  did  not  participate  actively  in  the  closure. 
The  closed  larynx  may  be  said  to  show  a  triradiate  figure  like  a 
shortened  "T*  ^^^  vertical  limb  being  much  shortened,  and  representing 
the  fissure  between  the  arytenoids,  and  the  crossed  limb  being  some- 
what curved.'* 

Mr.  Iredell. — "  Undoubtedly  during  straining  the  posterior  carti- 
lages of  the  rim  of  the  larynx  come  forward  and  appear  to  be  about 
to  form  the  figui^e  you  di*aw,  but  long  before  anything  of  the  kind  is 
perfect  the  muscular  parts  of  the  pharynx  prevent  all  view.  This  is 
much  more  so  during  the  act  of  swallowing.  This  much  is  clear : 
there  is  no  sign  of  the  epiglottis  folding  backwards  and  downwards, 
and  as  the  act  of  swallowing  proceeds  this  would  appear  to  become 
more  and  more  impossible.  Yet  there  is  an  appearance — it  may  be 
only  an  appearance — of  a  tendency  to  move  back  the  whole  body  of 
the  tongue,  carrying  with  it  the  epiglottis."* 

*  I  believe  that  the  difference  in  the  amount  seen  by  the  two  observers  is  due  to 
the  fact  that  Dr.  Barrett  probably  used  the  cocaine  spray,  while  Mr.  Iredell  did  not. 
I  remember  that  the  former  did  use  it  in  one  case  in  my  presence,  while  with  the 
latter  I  did  not  apeak  of  it. 
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If  it  be  a  simple  Yolnntary  closure  of  the  laryngeal  entrance,  with 
or  without  expiratory  effort,  that  is  under  observation,  nothing  further 
is  to  be  noted.  When  the  entrance  is  opened  the  arytenoids  leave 
the  epiglottis  and  then  each  other,  are  rotated  outwards  and  back- 
wards, poiOYe  bodily  outwards,  glide  backwards,  and  thus  again  assume 
the  position  they  occupy  in  respiration. 

If,  however,  the  enti-ance  is  to  be  closed  as  a  part  of  the  act  of 
swallowing,  then,  of  course,  the  well  known  movement  of  the  entire 
larynx  upwards  and  forwards  ensues,  and  the  tips  of  the  arytenoids 
are  seen  to  be  jammed  firmly  against  the  epiglottis.  This  is  due 
partly  to  the  thyro«arytenoid  vigorously  rotating  the  arytenoids 
inwards,  and  pulling  them  downwards  and  forwards,  so  that  their 
tips  come  into  contact  with  the  base  of  the  epiglottis ;  partly,  how- 
ever, it  is  due  to  the  elevators  of  the  larynx  pulling  the  larynx 
upwards  and  forwards  against  the  base  of  the  tongue.  In  this 
position  of  the  larynx  the  epiglottis  lies  between  the  rest  of  the  larynx 
and  the  tongue  and  is  firmly  applied  to  both,  is  in  fact  compressed 
between  them.  It  is,  however,  clear  that  if  the  epiglottis  were  not 
there  the  laryngeal  entrance  would  still  be  closed,  partly  by  the 
gathering  up  of  its  margins  as  above  described,  and  partly  by  its- 
direct  contact  with  the  base  of  the  tongue,  there  being  now  no  epi- 
glottis to  intervene. 

The  behaviour  of  the  distal  or  apical  portion  of  the  epiglottis  at 
this  stage  is  not  the  same  in  all  animals.  In  the  Dog,  for  instance,  the 
epiglottis  is  extremely  flexible,  and  comparatively  short,  and  is  thus 
easily  engaged  between  the  tongue  and  the  larynx.  In  the  Dog,  there- 
fore, the  distal  portion  of  the  epiglottis  has  the  appearance  of  closing 
the  laryngeal  orifice  in  the  lid-like  way  usually  described  as  general 
in  its  application ;  but  how  little  this  is  essential  is  at  once  evident 
when  we  remember  the  little  or  no  inconvenience  following  its  com- 
plete removal.  In  animals  such  as  the  Goat,  which,  like  Man,  has  the 
distal  portion  of  the  epiglottis  long  and  stifE,  quite  another  picture  is 
presented  during  this  stage  of  the  act  of  swallowing.  It  is  only  the 
base  of  the  epiglottis  which  is  engaged  between  the  base  of  the  tongue 
and  the  larynx  ;  the  distal  portion  does  not  fold  down  as  a  lid,  but  is 
applied  to  the  most  posterior  part  of  the  back  of  the  tongue,  so  that 
the  hollow  laryngeal  surface  of  the  epiglottis  continues  backwards 
the  surfeu^e  over  which  the  bolus  glides  from  the  tongue. 

This,  1  think,  may  indicate  the  function  of  the  hyo-epiglottic 
muscle  about  which  there  has  been  so  much  doubt.  May  it  not 
serve  to  pull  the  epiglottis  towards  the  hyoid  bone  daring  the  act 
of  deglutition,  so  that  the  epiglottis  would  be  drawn  upwards 
and  forwards  toith  the  larynx^  The  hyo-epiglottic  muscle  would 
then  stand  in  the  same  relation  to  the  epiglottic  cartilage  as  the 
hyo-thyroid  muscle  does  to  the  thyroid  cartila^.    Ixl  \)q\%  ^^  ^2c^^ 
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epiglottis  would  lie  on  the  tongue's  surface,  and  be  firmly  polled 
against  it,  so  that  the  bolus  would  have  less  chance  of  getting  between 
the  epiglottis  and  the  tongue  in  its  passage  downwards.  Not  all 
animals  have  this  muscle,  but  then  differences  in  the  arrangements  of 
the  other  parts  may  account  for  this.  Mj  experiments  sho^  that 
writers  have  hitherto  taken  too  little  notice  of  the  difierenoes  in  the 
anatomy  of  the  larynx  in  different  animals.  These  differences  are 
very  considerable. 

I  think  we  can  generalise  by  saying  that  the  closure  of  the  laiynx 
is  invariably  effected  by  contact  of  the  arytenoids  with  each  other 
and  then  contact  of  the  two  together  with  some  part  of  the  anterior 
wall  of  the  laryngeal  cavity,  hut  how  this  latter  corUact  is  effected 
varies  with  the  anatomical  arrangements  of  the  parts. 

The  extent  of  the  contact  of  arytenoid  with  arytenoid  varies.  It 
may  be  (1)  by  the  entire  internal  faces  of  the  cartilages,  (2)  by  an 
area  along  the  anterior  margin  only,  in  which  case  the  mucosa  over 
it  may  be  very  thin  and  the  whitish  cartilage  may  show  through,  as 
in  the  Koala,  or  (3)  the  cartilages,  though  brought  together,  cannot^ 
owing  to  their  form,  close  the  respiratory  glottis  (Milne  Edwards). 

We  may,  I  think,  divide*  arytenoids  into  relatively  laz^  and 
relatively  small.  Then  the  former  into  relatively  narrow  and  rela- 
tively broad.  Thus  we  get  three  groups  of  arytenoid  cartilages,  vis., 
(1)  high  and  narrow,  (2)  high  and  broad,  (3)  small. 

In  the  high  and  nan*ow  gi'oup  the  arytenoids  fold  over  into  contact 
with  the  front  wall  of  the  laryngeal  cavity :  the  base  of  the  epiglottis 
as  I  have  described  in  Man  and  the  Goat. 

In  the  high  and  broad  group,  including  many  of  the  Marsupials  I 
have  examined,  the  arytenoids  move  more  bodily  forwards  into 
contact  with  the  base  of  the  epiglottis,  or  at  least  the  front  of  the 
vestibule. 

In  the  group  of  small  arytenoids,  neither  folding  nor  movement 
bodily  forwards  would  suflSce  to  effect  the  contact,  and  here  the  lower 
part  of  the  epiglottis  is  permanently  bent  backwards,  so  that  the 
wall  of  the  upper  and  fix>nt  part  of  the  laryngeal  cavity  forms  a  little 
hood  over  the  vocal  cords,  about  the  posterior  margin  of  which  hood 
the  arytenoid  contact  takes  place.  In  this  case,  therefore,  the 
epiglottic  base  has,  as  it  were  (permanently),  gone  to  meet  the 
(small)  arytenoids,  which  thus  are  able  to  effect  the  contact  with  a 
minimum  of  movement.f 

In  all  cases  I  attach  the  gi*eatest  importance  in  effecting  the 
laryngeal  closure  to  the  contact  of  the  larynx  as  a  whole  with  the 

•  Provisionallj. 

t  On  looking  over  the  preparations  of  the  larynx  in  the  Hunterian  Museum,  I  was 
struck  with  the  frequency  of  this  hooded  condition  of  the  epiglottis ;  it  aeems 
almost  the  rale. 
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base  of  the  tongae,  with  or  without  the  intervention  of  the  epiglottic 
base.  The  movements  of  the  arytenoids  constitute  a  gathering  np 
of  the  back  and  side  bonndaries,  while  its  fr6nt  boundary  is  virtually 
gathered  up  by  its  remaining  stationary  against  the  base  of  the 
tongae  while  the  whole  larynx  moves  forward.  This  is  why  swallow- 
ing is  so  often  but  little  afEected  by  the  loss  of  the  epiglottis  by 
disease,  accident,  or  experiment.  Even  loss  of  the  arytenoids  by 
disease  does  not  seem  to  necessarily  cause  difficulties  in  deglutition. 

I  think  it  more  than  probable  that  there  are  differences  between 
various  species,  and  even  between  individuals  of  the  same  species,  as 
to  the  importance  of  the  part  played  by  the  tongae  in  closing  the 
larynx.  This  seems  to  follow  from  the  very  various  anatomical  dis- 
positions of  the  parts,  and  may  account  for  much  of  the  difEerenoe  in 
the  symptoms  and  signs  of  a  particular  laryngeal  lesion  in  different 
individuals.  In  one  case  a  lesion  of  the  arytenoids  or  ary-epiglottic 
folds  is  not  followed  by  difficulties  of  swallowing,  while  apparently 
the  same,  or  even  a  less,  degree  of  the  same  lesion  in  another  case 
is  followed  by  almost  total  inability  to  swallow,  at  all  events,  liquid 
food.  For  instance,  in  John  Reid's  experiments  of  cutting  all  the 
four  laryngeal  nerves  in  four  Rabbits,  two  continued  to  take  milk  and 
two  refused  it.  Two  Dogs  similarly  treated  continued  to  take  both 
solids  and  liquids.  In  none  of  these  cases  was  food  found  in  the  air 
passages  after  death.  Reid  therefore  concludes  that  ^'  the  epiglottis 
.  .  .  can  prevent  the  ingress  of  food  into  the  larynx  when  the 
movements  of  all  the  muscles  which  diminish  the  size  of  the  glottis 
{sic)  have  been  suspended  by  section  of  the  laryngeal  nerves."  C  An 
Experimental  Enquiry  into  the  Function  of  the  Eighth  Pair  of 
Nerves,"  *  Edinburgh  Medical  and  Surgical  Journal,'  January,  1838.) 

This  same  forward  and  upward  movement  of  the  larynx  brings 
the  lamina  of  the  cricoid  cartilage  away  from  the  back  wall  of  the 
pharynx,  and  so  provides  the  room  necessary  for  the  passage  of  the 
bolus.  When  the  arytenoids  are  in  position  forwards,  their  highest 
points  are  their  margins  bounding  the  mesial  fissure.  This  fissure 
thus  traverses,  as  it  were,  a  little  ridge  from  before  backwards,  and 
from  this  ridge  the  top  of  the  closed  larynx  slopes  downwards  at  the 
sides  and  posteriorly,  but  especially  at  the  sides. 

Thus,  when  the  laryngeal  entrance  is  closed  as  for  deglutition  there 
is  a  fairly  even  surface  for  the  bolus  to  glide  over,  from  the  laryngeal 
face  of  the  epiglottis  to  the  posterior  surface  of  the  arytenoids  and 
lamina  of  the  cricoid,  and  so  into  the  gullet. 

According  to  this  account  of  the  closure  of  the  laryngeal  entrance, 
the  arytenoids  enclosed  in  their  mucosa — an  arytenoid  valve  or  flap — 
take  the  place  of  the  epiglottis  according  to  the  old  account,  which  is 
now  all  but  universally  discredited. 

I  have  no  doubt  that  the  apparent  fitness  of  t\iQ  «^\!^q\i\K&  «&  ^>^ 
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to  cover  the  voice-box  lias  given  a  longer  life  to  the  time-honoured 
doctrine  of  the  functions  of  the  epiglottis  than  it  wonld  otherwiae 
have  had;  it  seemed  so  beantifally  fitted  for  its  office  that  until 
recently  it  did  not  occur  to  any  one  to  question  it.  IJpon  oonsidera- 
tion,  however,  of  the  p^rt  played  by  the  arytenoid  valve  according  to 
my  account,  it  appears  to  be  much  more  beautiful  than  the  part 
played  by  the  epiglottis  in  the  old  account  of  the  closure  of  the 
larynx,  for,  in  addition  to  the  merit  of  being  demonstrably  true,  it 
co-ordinates  and  explains  many  observations  hitherto  without  any 
connecting  link  or  explanation,  as  will  be  set  forth  later  on.  In  the 
meantime,  however,  I  may  point  out  how  this  arytenoid  valve  stands 
at  the  parting  of  the  ways  downwards  out  of  the  pharynx :  when  it 
stands  backwards  the  food-passage  is  closed  and  the  air-passage  is 
open,  when  it  lies  forwards  the  air-passage  is  closed  and  the  food- 
passage  is  open.  Thus  it  can  make,  as  it  were,  a  f annel  forwards 
into  the  air-tube  or  a  funnel  backwards  into  the  food-tube.  In  short, 
and  to  use  a  particularly  Australian  illustration,  it  stands  like  the 
little  movable  gate  by  which  sheep  are  drafted  out  of  the  common 
yard  into  separate  pens — ^it  drafts  the  air  forwards  and  the  food  back- 
wards. 

This  use  of  the  term  f  annel  is  fully  justifiable.  In  ordinary  respira- 
tion, especially  during  inspiration,  since  the  top  of  the  arytenoid  flap 
lies  against — may  even  indent — the  posterior  pharyngeal  wall,  the  way 
to  the  gullet  is  stopped,  while  the  vestibule  of  the  larynx  is  wide  and 
patent,  and,  of  course,  is  wide  at  the  entrance  and  narrows  downwards 
to  the  glottis.  In  this  condition  the  shape  of  the  entrance  is  appa- 
rently five-sided,  though  really  there  is  a  sixth,  but  comparatively 
small,  side  in  the  middle  line  posteriorly,  where  the  transverse  aryte- 
noid muscle  is.  The  anterior  side  is  formed  by  the  epiglottis.  The 
lateral  margins  consist  each  of  an  anterior  moiety  formed  by  the  ary- 
epiglottic  fold,  and  of  a  posterior  moiety  containing  the  arytenoid 
tips  and  Santorinian  cartilages.  When  the  larynx  of  the  Goat  is 
exposed,  this  anterior  funnel  is  peculiarly  striking  during  forced  in- 
spiration, and  the  superior  margin  of  it  is  almost  circular,  the  violent 
outward  and  backward  movement  of  the  arytenoid  tips  pulling  back- 
wards the  margin  of  the  epiglottis,  and  so  rounding  off  the  anterior 
angles,  and  the  flexible  tips  of  the  arytenoid  and  Santorinian  cartil- 
ages yielding  to  the  pull  of  the  ary-epiglottic  folds,  and  so  rounding 
oif  the  lateral  angles. 

The  posterior  funnel,  though  less  striking,  is  hardly  less  real  than 
the  anterior  one.  It  really  exists  only  during  (he  act  of  swallowing, 
and  then  also  its  anterior  wall  is  composite  and  somewhat  irregular. 
The  anterior  wall  is  formed  above  by  the  epiglottis,  in  the  middle 
hjr  the  back  of  the  arytenoid  flap,  and  below  by  the  back  of  the 
Jamina  of  the  cricoid.     Now,  wlmie  t^ie  G^\w\oii\^  is  always  more  or 
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less  in  position,  the  arytenoid  portion  is  only  there  daring  closure  of 
tJie  laryngeal  aperture,  and  the  lamina  of  the  cricoid  is  heaved 
forwards  only  during  deglutition.  Thus  only  during  deglutition  does 
the  lamina  of  the  cricoid  form  the  inferior  part  of  the  anterior  wall 
of  a  funnel. 

Very  much  the  same  condition  of  parts  is  seen  in  Manatus  (Wal- 
deyer,  '  Sitzungsh.  der  Konig.  Preuss.  Akad./  Berlin,  1886).  '*  Here 
one  cannot  speak  of  a  bifurcation  of  the  food  channel  as  if  it  went  to 
the  right  and  lefb  of  the  epiglottis,  for,  in  Manatus^  even  small  quan- 
tities of  fluids  must  reach  the  oesophagus  by  passing  straight  over 
the  larynx.  Since,  however,  the  laryngeal  entrance  is  firmly  closed 
in  the  way  1  have  described,  and  so  makes  a  surface  gently  inclined 
backwards,  the  entrance  of  liquids  and  solid  foods  is  efficiently 
prevented." 

The  two  funnels  then,  the  air-funnel  and  the  food-funnel,  are 
alternately  conditioned,  the  former  solely,  the  latter  largely,  by  the 
movement  of  the  arytenoid  flap  backwards  and  forwards  respectively. 

In  passing  and  in  this  connexion,  one  may  point  out  a  part  played 
by  the  lamina  of  the  cricoid.  When  the  arytenoids  move  forwards 
their  vocal  processes  move  towards  each  other  and  at  the  same 
time  downwards,  so  that  the  plane  of  the  glottis,  comes  to  lie 
lower  posteriorly.  Anteriorly,  of  course,  the  plane  is  fixed  by  the 
Attachment  of, the  true  cords  to  the  thyroid  cartilage.  Thus  the 
special  vocal  apparatus  during  deglutition  lies  deep  down  within  the 
laryngeal  cavity,  and  by  the  lamina  of  the  cricoid  is  protected  from 
the  pressure  of  the  bolus,  pulled  forwards,  as  it  is,  by  the  muscular 
slings  of  the  inferior  constrictor  of  the  pharynx. 

If  we  think  of  the  old  descriptions  of  the  closure  of  the  laryngeal 
entrance  by  the  folding  back  of  the  epiglottis,  we  see  at  once  that 
there  would  be  a  most  awkward  angle  round  which  the  bolus  would 
have  to  travel  just  as  it  entered  the  g^let.  This  angle  would  be 
formed  above  by  the  tip  of  the  epiglottis,  and  below  by  the  posterior 
margin  of  the  laryngeal  entrance,  %.«.,  the  tip  of  the  arytenoid  flap. 
A  similar  angle  would  exist  in  the  case  of  all  animals  the  plane  of 
the  entrance  to  whose  larynx  crossed  the  axis  of  movement  of  the 
descending  bolus,  the  angle  being  the  more  marked  the  more  nearly 
«t  a  right  angle  this  plane  crossed  this  axis,  and  it  is  partly  to  get  rid 
of  this  angle  that  the  folding  forwards  of  this  arytenoid  flap  takes 
place.  In  animals,  on  the  other  hand,  where  the  plane  and  the  axis 
are  parallel  there  is  no  angle  and  there  is  no  folding  forward  of  the 
Arytenoid — ^merely  an  outwards  and  inwards  movement,  an  opening 
and  shutting  of  the  lozenge-shaped  entrance,  as  in  the  case  of  the 
Tortoise,  Lizard,  Frog,  Snake,  <fec.  In  addition  to  the  above  angle,  there 
would  be  also  an  inconvenient  open  angle  between  the  tongue  and  the 
epiglottis,  in  which  food  particles  would  be  lnoai^iV^VJ  \x^V^^^^^^sA. 
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npon  the  resilience  of  the  epiglottis,  being  engaged  between  it  and 
the  tongue,  they  wonld  give  rise  to  irritation.  As  a  matter  of  &ct, 
it  does  sometimes  happen  that  food  gets  between  epiglottis  and 
tongue,  bnt  it  wpnld  surely  often  happen  if  the  doctrine  of  the  lid-like 
action  of  the  epiglottis  were  true. 

By  my  account  of  the  normal  closure  of  the  larynx  many  farther 
points  in  the  anatomy  of  the  larynx  and  many  observations  as  to  its 
physiology  now  receive  an  explanation.  Some  writers  have  come 
near  to  the  truth,  and  of  all  Luschka  has  come  nearest,  many  passages 
in  his  writing  showing  that  he  has  just  failed  to  grasp  the  whole 
meaning  of  what  he  describes. 

The  External  Thyro-arytenoid  Muscle. — The  direction  of  its  fibres  is 
in  the  main  from  before,  backwards  and  upwards ;  this  is  clearly  the 
direction  most  suited  to  the  folding  forwards  of  the  arytenoid  car- 
tilage. Thus  the  origin  of  the  muscle  is  in  front,  at  the  thyroid 
cartilage  as  the  more  fixed  end.  The  insertion  of  the  muscle  extends 
in  the  vertical  direction,  well  nigh  throughout  the  entire  length  of 
the  arytenoid  cartilage,  so  that  its  superior  fibres  have  a  great 
mechanical  advantage  in  inclining  the  cartilage  forwards,  while  its 
inferior  fibres  especially  pull  it  forwards  at  its  base.  Owing  to  its 
insertion  into  the  outer  surface  of  the  arytenoid  cartilage,  it  tends 
powerfully  to  rotate  the  cartilage  so  inwards  that  the  internal  faces 
of  the  cartilages  come  into  apposition.  Thus  the  muscle  brings  about 
three  of  the  movements  of  the  arytenoid  cartilages  that  close  the 
larynx,  viz.,  rotation  inwards,  inclination  forwards,  and  gliding 
forwards  at  the  crico-arytenoid  joint.  These  movements  have  been 
seen  experimentally  upon  electrical  stimulation  in  Man.*  The  fourth 
movement  is  the  apposition  of  the  arytenoids  by  the  arytenoideus 
transversals. 

The  muscle  thus  with  the  transverse  arytenoid  forms  a  sphincter 

for  the  larynx. t 

Having  this  function  of  the  muscle  in  mind,  one  at  once  under- 
stands why  it  is  such  a  large  muscle,  why  it  extends  vertically  so  far 
beyond  the  level  of  the  true  cords,  and  in  short  why  as  viewed  in  a 
vertical  transverse  section  of  the  larynx  it  seems  to  have  so  little 
relation  to  the  true  cords :  the  fact  is  it  is  (with  the  transverse  ary- 
tenoid muscle)  the  true  **  sphincter  vestibuli,"  J  for  it  rotates  inwards  the 

♦  Von  Ziemssen,  *  Die  Electricit&t  in  der  Medizin.' 

t  The  term  "  constrictor  vestibuU  "  has  already  been  employed,  but  applied  to 
the  ary-epiglottic  muscle,  by  Luschka.  This  manifestly  is  incorrect,  for  this  muscle 
could  not  constrict  the  vestibule,  t.c.,  down  to  the  level  of  the  lower  border  of  the 
superior  cords,  however  much  it  might  constrict  the  entrance  or  aditus  laryngU, 

X  The  term  "  sphincter  '*  is  applied  by  Henlo  to  the  aggregate  of  the  thyro- 
arytenoids, arytenoid  and  ary-epiglottic  muscles,  but  his  notion  of  the  action  of  this 
muscular  mass  is  that  the  arytenoid  pulls  the  aryt<^noid  cartilages  together,  while 
the  £bres  that  have  in  the  relaxed  condition  a  bend  with  the  concavity  inward» 
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anterior  margins  of  the  arytenoid  cartilages,  and  thns  brings  together 
the  sides  of  the  vestibule,  and  then  it  inclines  the  arytenoids  so  as  to 
encroach  on  the  space  from  above  downwards,  and  from  behind  for- 
wards— the  three  mnscles,  that  is,  the  two  thyro-aiytenoids  and  the 
transverse  arytenoid,  now  grasp  the  vestibule,  so  to  speak,  obliterate 
its  space,  and  thus  close  the  larynx.  With  them  act  the  ary-epiglottici 
so  as  to  close  the  very  entrance. 

In  certain  animals  there  is  no  elastic  tissue  in  what  would  corre- 
spond to  the  true  cord  (Bland  Sutton,  'Journal  of  Anatomy  and 
Physiology,'  "  Nature  of  Ligaments "),  which  thus  is  entirely  of 
muscle  enclosed  in  mucous  membrane.  This  seems  to  indicate  the 
primary  importance  of  the  muscle  as  a  muscle  rather  than  as  a 
vibrating  cord,  a  view  also  expressed  by  Bland  Sutton  upon  purely 
anatomical  grounds.  May  it  iiot  be  simply  that  the  elastic  property 
is  secured  for  the  vibrating  tissue  at  a  physiologically  cheaper  rate 
through  fibrous  than  through  muscular  tissue  P 

Nothing  is  said  here  of  the  feeble  thyro-arytcgnoideua  intemus : 
this,  probably,  is  the  proper  muscle  of  the  vocal  cords,  and  in  any 
case,  from  its  feeble  development  and  its  attachments,  it  cannot  have 
much  influence  in  closing  the  larynx. 

This  description  of  the  mode  of  closure  of  the  larynx  meets  the 
case  during  both  inspiration  and  expiration.  In  closure  daring 
inspiration  the  closure  is  absolute  and,  after  the  muscles  have  once 
brought  the  parts  into  position,  is  entirely  mechanical.  This  one  can 
easily  verify  by  sucking  air  down  through  either  the  dead  or  the 
living  larynx.  The  margins  of  the  aperture  come  together  and 
remain  pressed  together  by  atmospheric  pressure.  Against  ex- 
piration the  resistance  is  entirely  muscular,  for  the  marg^ins  of  the 
aperture  open  outwards,  and  air  can  always  be  blown  upwards  so  as 
to  force  open  the  closed  larynx.  The  thyro-arytenoid  and  transverse 
arytenoid  appear  to  me  to  be  quite  adequately  developed  to  resist 
pressure  to  a  high  degree,  because,  in  the  first  place,  these  muscles 
are  really  not  so  small  as  one  is  accustomed  to  think  they  are ;  and, 
in  the  second  place,  the  surface  which  has  to  bear  pressure  in  the 
closed  larynx  is  not  extensive. 

In  such  larynges  as  the  Lizard's,  the  muscle  simply  rotates  the 
cartilage  to  close  the  lozenge-shaped  aperture  which  corresponds  to 
the  glottis  of  Man. 

The  Arytenoid  Ifuaele, — This  muscle  must  be  divided  into  (1)  the 
two  oblique  portions,  which  are  really  continuations  of  the  ary- 
epiglottic  muscle,  and  are  dealt  with  under  that  heading;  and  (2) 
the  transverse  portion.  The  transverse  portion  alone  is  now  under 
consideration.  Owing  to  the  articular  surface  of  the  arytenoid  car- 
straighten  themselyes,  and  so  bring  the  side  walls  of  the  entrance  together.  This^ 
of  eonrse,  is  quite  a  different  thing  from  my  account. 

VOL.  JU  ^  ^ 
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tilage  being  on  the  nnder  surface  of  the  muscular  process,  which  is  pro- 
jected backwards  from  the  cartilage,  the  surfaces  of  attachment  of 
the  muscle  lie  in  front  of  the  joint,  %.e.,  in  front  of  the  fulcnun,  so  that 
the  muscle  power ^illy  rotates  the  cartilages  inwards,  draws  them 
together,  apposes  their  internal  surfaces,  and  pulls  them  powerfully 
together.  Thus  the  muscle  acts  with  the  thjro-arytenoids  as  a 
sphincter  of  the  larynx.  The  muscle  likewise  forms  an  elastic  liga- 
ment between  the  two  cartilages,  fibrous  tissues  being  clearly  unsuit- 
able. White  fibrous  tissues  would  imply  fixity  of  interval,  and  elastic 
tissues  would  need  in  certain  positions  to  be  stretched  by  considerable 
muscular  force,  while  in  other  positions  they  would  be  lax.  The  muscle 
likewise  forms  part  of  the  surface  over  which  the  bolus  glides  in 
deglutition,  but  at  this  time  it  is  in  contraction,  and  therefore  firm ; 
and,  lastly,  it  closes  in  the  triangular  space  which  must  always  remain 
in  front  of  the  lamina  of  the  cricoid,  even  when  the  arytenoids  are 
applied  to  one  another  by  their  inner  faces. 

The  Ary-epiglottic  ifuAcZe,  includtng  the  Oblique  Portion  of  the 
Arytenoid  Muscle. — Its  function,  apparently,  is  to  make  tense  the  ary- 
epiglottic  folds  of  mucous  membrane,  part  of  the  immediate  bound- 
aries of  the  entrance.  Thus  the  entrance  is  bounded  during  degluti- 
tion either  by  cartilage  or  by  tense  muscle,  so  that  the  bolus  has  no 
chance  of  entering.  The  tension  is  manifest  from  the  more  marked 
backward  curvature  of  the  lateral  edge  of  the  epiglottis;  thus  the 
concavity  of  the  epiglottis  becomes  more  marked,  forms,  indeed,  a 
deeper  groove  to  receive  the  tips  of  the  arytenoids  during  deglutition. 
On  this  account  the  transverse  limb  of  the  fissure,  or  head  of  the 
■y.  is  markedly  concave  backwards. 

That  the  muscle  is  prolonged  over  the  back  of  the  upper  part  of 
the  cartilage  of  its  own  side  to  the  base  of  the  cartilage  of  the 
opposite  side  is  necessary.  It  thus  tends  to  brace  together  the  two 
cartilages,  whereas,  if  it  only  went  to  the  cartilage  of  its  own  side,  it 
would  tend  to  separate  the  cartilages,  and  thus  to  destroy  the  effec- 
tiveness of  the  closure  of  the  orifice. 

A  subsidiary  effect  is  to  help  the  thyro-arytenoid  in  rotating 
inwards  and  pulling  forwards  the  arytenoids ;  to  this  extent  there- 
fore, but  only  to  this  extent,  is  the  name  **  constrictor  vestibuli  ** 
(Luschka)  justifiable. 

The  Lateral  Grico-arytenoid  Muscle. — Besides  rotating  the  arytenoid 
cartilage,  this  muscle  must  also  help  in  tilting  the  whole  cartilage 
forwards  by  pulling  the  base  forwards  so  that  the  posterior  part  of 
the  articular  surface  comes  to  rest  on  the  cricoid.  Both  this  muscle 
and  the  posterior  crico-arytenoid  being  inserted  at  the  base  of  the 
cartilage,  therefore  very  close  to  the  axis  of  rotation,  secure  a  com- 
paratively large  movement  with  but  little  actual  shortening  of  the 
mu8cle8. 
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In  most  Mammals  the  larynx  is  nsnally  open,  and  is  only  shnt 
when  some  temporary  occasion  arises.  In  some  Mammals,  snch  as 
the  Porpoise  and  Dngong  (Owen),  Orampns,  White  Whale,  Dolphin, 
&C.J  the  larynx,  on  the  other  hand,  appears  to  be  nsnally  shnt,  and 
here  the  ■J"-®^*^?®^  fissnre  which  I  have  described  is  qnite  evident. 
Is  not  the  nsnal  condition  in  these  Mammals  an  indication  of  what  is 
most  likely  to  be  the  temporary  mode  of  closure  in  the  others  ? 

Birds  are  extremely  instructive  in  this  connexion.  Here  the  vocal 
fonction  is  entirely  removed  from  the  larynx,  so  that  the  larynx  has 
for  its  sole  office  the  guarding  of  the  entrance  to  the  trachea. 
Inspection  and  experiment  show  the  entrance  to  be  closed  by  the 
arytenoid  cartilages,  or  bones,  and  the  thyro-arytenoid  muscles. 
Since  this  is  their  function  in  Birds  (and  the  same  applies  to  Tortoises, 
Lizards,  Reptiles,  Frogs,  &c.),  is  it  not  all  the  more  likely  to  be  at  least 
a  function  in  Mammals  P  Bland  Satton  (loc,  cit)  in  this  connexion, 
and  upon  other  grounds,  believes  that  '*  the  original  function  of  the 
vocal  cord  is  to  protect  the  air  passages,  speech  being  a  superadded 
function."  Closure  of  the  larynx  is  the  one  never  failing  office  of  the 
larynx,  and  the  arytenoid  cartilages  and  their  muscles  are  the  only 
never  failing  structures ;  epiglottis,  false  cords,  true  cords,  as  such, 
and  ventricles  may  all  be  absent.  Does  not  this  indicate  some 
connexion  ? 

The  X'S^P^  fissure  seems  to  depend  upon  the  presence  of  an 
epiglottis ;  where  that  is  present,  it  keeps  the  anterior  end  of  the 
fissure  wide,  makes,  in  short,  the  transverse  head  of  the  T**  Where 
there  is  no  epiglottis  and  nothing  to  take  its  place,  the  fissure  is  purely 
an  tero- posterior,  so  that  at  the  vertical  limb  of  the  T*  is  the  more 
primitive,  and  by  making  a  succession  of  transverse  sections  of  the 
closed  larynx,  the  head  of  the  T*  g^radually  narrows  with  the  narrow- 
ing of  the  epiglottis,  so  that  at  the  level  of  the  glottis  the  vertical,  %.e., 
antero-posterior,  limb  alone  remains  even  in  Man.  It  will  be  observed 
that  in  cutting  away  the  higher  parts  of  the  larynx,  one  has  removed 
that  part  which  is  peculiar  to  Man  and  other  animals  having  larynges 
of  a  similar  build.  Only  the  bases  of  the  arytenoid  cartilages  and 
the  attached  true  cords  remain.  This  latter  level  thus  corresponds 
to  the  opening  of,  say  the  Frog  or  Tortoise,  and  the  shape  of  the  open- 
ing is  practically  the  same,  a  lozenge. 

The  heightening  of  the  arytenoids  in  Man  appears  to  give  these  two 
advantages  :  Ist,  it  permits  of  the  entrance  to  the  air  passages  having 
the  funnel  shape  which  favours  the  entrance  of  air;  2nd,  it  with- 
draws the  vocal  apparatus  from  the  vicinity  of  the  very  entrance,  so 
that  it  is  the  better  protected. 

Closure  of  the  entrance  to  ;the  larynx  by  "  tight  closing  up  of  the 
arytenoid  cartilages  and  ary-epiglottic  folds  **  was  observed  by  the 
laryngoscope  (Bruns,  'Arch.  f.  Path.  AnaW  ^o\.  4a^\^^^^^.^!^> 
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quoted  by  Lnschka)  in  the  case  of  a  girl  who  had  lost  the  epiglottis 
by  nlceration,  but  Lnschka  conclndes  from  a  consideration  of  other 
cases  that  this  was  a  mere  accommodation  gradnally  effected  by  the 
muscles  "  by  prolonged  practice  acquiring  the  necessary  strength  to 
mutually  approximate  the  side  walls"  of  the  vestibule.  In  the 
case  reported  by  myself  with  McCormick  already  referred  to, 
the  patient,  vmmecUately  upon  the  cessation  of  feeding  by  the 
stomach-tube,  could  swallow  as  well  as  he  did  later  on,  and  to  all 
intents  and  purposes  as  well  as  he  could  before  the  operation,  and  in 
him  we  were  able  to  see  by  merely  looking  throngh  the  hole  in  the 
side  of  the  neck,  that  the  laryngeal  closure  was  accompanied  by  the 
X-s^ped  fissure.  Here,  therefore,  there  was  no  "prolonged 
practice  " ;  there  was  no  practice  at  all,  and  the  same  remark  applies 
to  the  cases  already  quoted  as  haying  been  examined  for  me  by  Barrett. 
The  fissure  is  also  shown  in  Czermak's  classical  work,  but  the  forma- 
tion of  the  head  of  the  X  ^  misinterpreted ;  it  is  said  to  be  by  tbe 
backward  movement  of  the  epiglottis,  instead  of  by  the  forward 
movement  of  the  arytenoids. 

Short  of  complete  closure,  the  arytenoid  flap  comes  forward  so  that 
it  is  approximated  to  the  front  wall  of  the  laryngeal  cavity,  therefore, 
in  Man,  to  the  epiglottis,  and  if  air  be  now  expired,  the  characteristic 
sound  of  straining  is  produced  by  the  vibration  of  the  margins  of  the 
entrance  to  the  air  passages,  not  of  the  vocal  cords  merely. 

Lister  (Holmes  '  Surgery,'  Article  on  '*  Anassthetics  *')  ascertained 
laryngoscopically  that  true  chloroform  stertor  is  produced  by  vibration 
"  of  the  posterior  part  of  the  arytaeno-epiglottidean  folds,  which 
are  carried  forwards  to  touch  the  base  of  the  epiglottis  during  the 
stertorous  breathing,  and  are  placed  in  still  further  apposition  with 
it  when  the  obstruction  becomes  complete."  Thus,  Lister  saw  "  an 
antero-posterior  co-aptation  of  the  structures  of  the  laryngeal  aperture 
at  a  somewhat  deeper  level ;  without  any  change  in  the  position  or 
form  of  the  epiglottis,  towards  which  the  folds  of  the  mucous  mem- 
brane above  the  apices  of  the  arytenoid  cartilages  are  carried  forwardf^ 
till  they  are  in  contact  with  its  base.  This  is  seen  in  coughing  and 
also  in  laryngeal  stertor."  Nevertheless,  the  closure  by  the  epi- 
glottis is  the  mode  of  closure  Lister  adopted  for  deglutition. 

In  certain  lesions  of  the  true  cords,  the  gruff  voice  is,  as  Sir  Joseph 
Lister  communicated  to  me  orally,  to  be  ascribed  to  a  vibration  of 
the  ary-epiglottic  folds,  a  suggestion  with  which  I  entirely  agree. 
I  believe  also  that  in  gargling,  the  larynx  is  almost  closed,  and  the 
air  issues  under  pressure  from  the  narrow  fissure  I  have  described. 

In  the  Kangaroo  apparently  a  great  extent  of  the  arytenoids  is  ex- 
posed to  the  friction  of  the  passing  bolus,  and  along  the  ridge  of  the 
apposed  arytenoids,  where  the  friction  takes  place,  the  cartilage  shows 
through,  and  the  mucosa  is  not  movable.     In  the  human  larynx  this 
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arytenoid  ridge  contains  the  antero-posterior  limb  of  the  X'^^^^9 
bat  it  is  mncli  shorter  and  less  prominent  than  in  the  Kangaroo. 

The  elastic  natnre  of  the  tips  of  the  arytenoids  and  the  Santorinian 
cartilages  admirably  fits  them  for  gliding  into  position  down  the 
front  of  the  laryngeal  cavity.  In  this  respect  also,  the  form  of  the 
Santorinian  cartilages,  convex  forwards  in  the  closed  aperture,  helps, 
and  the  cushion  of  the  epiglottis,  when  present,  corresponds  to  the 
interval  between  them.  In  the  open  aperture,  the  tips  of  the  comi- 
cnla  are  directed  inwards  and  backwards,  but  this  merely  brings  them 
parallel  when  the  arytenoids  are  in  the  closed  position.  The  elastic 
nature  of  all  these  cartilages  enables  them  to  fit  each  other  perfectly 
when  brought  into  apposition,  and  to  recover  their  shape  when  the 
pressure  is  removed,  and  the  pad  of  fat  in  front  of  the  epiglottis  helps 
in  this  connexion.  Even  in  the  dead  subject,  these  phenomena  can  be 
observed  more  or  less  by  simply  pressing  the  arytenoids  forwards — 
the  closure  is  perfect  without  the  epiglottis  ever  moving. 

In  animals  with  the  cornicula  more  highly  developed  than  they 
are  in  Man  and  the  Croat,  this  account  does  not  apply.  In  the  Dog, 
for  instance,  they  are  long  and  pointed,  and  are  pushed  aside  out  of 
the  mesial  plane  when  the  larynx  is  closed. 

The  superior  or  false  vocal  cords,  as  the  arytenoids  are  rotated 
inwards,  of  course,  come  into  apposition  with  each  other,  since 
posteriorly  they  are  attached  to  the  anterior  margins  of  the  arytenoids 
and  anteriorly  they  are  attached  together  to  the  re-entrant  angle  of 
the  thyroid  cartilage.  As  the  arytenoid  cartilages  move  forwards, 
the  superior  cords  are  shortened  from  before  backwards,  and  possibly 
this  may  account  for  the  large  amount  of  elastic  tissue  in  their  struc- 
ture, and  it  may  possibly  be  the  office  of  the  bandies  of  striped 
muscular  fibres,  which  have  been  described  as  radiating  into  the  false 
cords  from  various  muscles  of  the  region,  to  perform  a  similar  func- 
tion, that  of  taldng  up  the  slack  of  the  shortened  false  cord.  As  the 
Etction  of  the  thyro-arytenoid  is  continued,  the  soft  substance  of  these 
cords  will  tend  to  be  squeezed  both  upwards  into  contact  with  the 
advanciug  arytenoids,  and  downwards  to  encroach  on  the  ventricle. 
At  the  same  time,  the  sacculi  will  be  compressed  from  the  sides  by 
the  thyro-arytenoids  and  from  behind  by  the  arytenoid  cartilages. 
This  may  be  the  reason  why  the  sacculus  is  over  only  the  anterior 
part  of  the  ventricle,  for  here  it  is  out  of  the  way  of  the  advancing 
Eirytenoid,  and  any  secretion  which  might  be  squeezed  out  of  it 
would  immediately  pervade  the  whole  length  of  the  ventricle,  now 
narrowed  by  the  encroachment  of  the  false  cords,  and  so  would  lubri- 
oate  the  whole  length  of  JAiq  true  cord,  although  the  sacculus  is  over 
bhe  anterior  part  onljy  The  fact  that  we  often  swallow  when  the 
cords  are  dry,  as  in/noarseness  after  much  speaking,  supports  this 
idea,  for  the  saliv^^wallowed  cannot  poBsibly  aSec^i  \hit&  c^'t^\  >^^ 
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act  of  swallowing,  however,  eonld,  by  expressing  the  saccolar  secre- 
tion, and  distribnting  this  secretion  as  well  as  the  copious  secretion 
of  the  rest  of  this  region  over  the  true  cords. 

The  Crico-arytenoid  Joint. — The  relatively  great  antero-posterior 
diameter,  the  ovoid  form,  and  plane  sorface  of  the  arytenoid  ariicnlar 
surface,  in  the  light  of  this  description  of  the  mode  of  closure  of  the 
glottis  are  quite  comprehensible. 

As  the  vocal  process  of  the  arytenoid  with  its  attached  true  vocal 
cord  sinks  into  the  larynx,  it  moves  nearly  in  a  circle,  of  which  the 
cord  is  the  radius,  and  the  cartilage  glides  forwards  on  the  cricoid, 
so  that  the  cord's  tension  remains  fairly  equable.  As  a  matter  of  fact, 
however,  the  tension  of  the  cord  in  the  sunk  position  is  greater  than 
before,  so  that  the  mere  gliding  of  the  arytenoid  does  not  wholly 
compensate :  the  tilting  forward  of  the  whole  cartilage  is  relatively 
great,  so  that  the  vocal  process  is  carried  relatively  far  backwards 
and  so  the  cord  is  put  upon  the  stretch. 

When  the  larynx  is  open  the  narrow  end  of  the  ovoid  rests  on  the 
cricoid,  but  in  the  closed  larynx  it  is  the  broad  end  of  the  ovoid.     In 
the  open  larynx,  stability  is  not  of  moment ;  rather  is  mobility  im- 
portant, for  there  is  no  pressure  to  be  resisted  and  in  swallowing  it  is 
of  importance  to  get  the  cartilages  quickly  into  position,  and,  more- 
over, we  saw  that  the  arytenoids  are  in  continual  movement  even  in 
tranquil  respiration.     In   the   closed   larynx,    on    the    other   hand, 
stability  is  of  the  utmost  moment,  and  then,  not  only  is  the  broad  end 
of  the  ovoid  on   the  cricoid,  but  possibly  the  little  intra-articular 
fibro-cartilage  attached  to  the  capsular  ligament  of  the  articulation, 
and  projecting  into  the  joint  cavity  from  the  posterior  blunt  circum- 
ference of  the  arytenoid  articular  surface  (Luschka),  comes  into  play 
to  increase  the  surface  upon  which  the  arytenoid  rests  :  only  along 
a  line  can  there  be  contact  of  the  cricoid  cylinder  with  the  arytenoid 
plane,  but  the  fibro-cartilage  probably  increases  this  surface  of  con- 
tact 80  that  the  arytenoid  rests  on  the  cricoid  in  front,  and  on  the 
intra-articular  cartilage  behind.      The  fibro-cartilage  filling  up  the 
angle  of  the  joint  posteriorly  would  play  also  the  part  of  a  sort  of 
patella  protecting  this  extremely  important  joint  from  any  mechanical 
violence  from  the  passing  bolus. 

A  further  advantage  of  the  gliding  forwards  of  the  arytenoid  is 
that,  while  in  the  open  larynx  the  muscular  process  projects  somewhat 
behind  the  plane  of  the  cricoid  lamina,  in  the  closed  larynx  it  does 
not,  so  that  there  is  no  impediment  to  the  descending  bolus,  and  less 
chance  of  damage  to  the  cartilage  and  joint. 

The  long  axis  of  the  arytenoid  articular  surface  is  from  behind  in- 
wards and  forwards,  and  this  is  the  direction  in  which  the  base 
glides. 
The  azytenoid   cartilages  oi  couiae  ^lid^  laterally  also,  for  the 
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cricoid  articular  surface  is  abont  half  as  long  again  as  the  arytenoid 
is  broad — in  the  open  larynx  the  arytenoids  rest  on  the  outer  end  of 
the  cricoid  surface,  in  the  closed  larynx  on  the  inner  end,  so  that 
they  now  lie  closely  apposed.  Thus  the  action  of  the  three  tme 
sphincter  or  constrictor  muscles  brings  the  arytenoids  exactly  into 
the  position  described  in  the  closed  larynx ;  the  thyro-arytenoidei 
rotate  the  arytenoid  cartilages  inwards  and  pnll  them  forwards,  the 
arytenoideus  transversus  pnlls  them  together.  The  narrowing  of  the 
lamina  of  the  cricoid  as  we  ascend  has  an  important  influence  in  per- 
mitting the  arytenoids  to  approach  each  other  bodily,  though  a  trian- 
gular space,  the  base  of  which  corresponds  to  the  width  of  the  cricoid 
lamina,  must  always  remain  filled  by  the  arytenoideus. 

The  epithelium  on  the  inner  faces  of  the  arytenoid  cartilages  is 
stratified  squamous  (Davis,  quoted  by  Klein),  and  this  is  accounted 
for  by  the  pressure  between  the  two  comparatively  hard  and  resistant 
arytenoids.  Covering  the  greater  part  of  the  side  walls  of  the  vesti- 
bule it  is  ciliated  columnar,  but  there  being  no  rubbing  of  surface 
upon  surface,  the  mucosa  being  soft,  and  the  surface  being  covered 
by  a  thick  layer  of  mucus,  the  cilia  are  not  damaged  by  the  compres- 
sion of  the  vestibule  in  deglutition.  The  epithelium  for  a  little  way 
within  the  margin  is  stratified  squamous;  here,  however,  one  can 
imagine  that  some  friction  takes  place  during  the  movements  of  the 
parts. 

The  shape  of  the  epiglottis  fits  in  with  my  account  of  the  act  of 
deglutition :  it  lies  on  the  posterior  part  of  the  dorsum  of  the  tongue, 
but  it  would  certainly  not  fit  the  top  of  the  larynx  did  it  fold  over 
it  as  in  the  current  description,  for  there  is  no  relation  either  in 
size  or  form,  nor  is  there  any  pattern  on  its  laryngeal  surface  as  if 
it  were  often  applied  to  the  laryngeal  aperture.  And,  as  Howes 
writes  (*  Jl.  Anat.  Physiol.,'  1889,  p.  271),  "  In  many  Quadrupedal 
Mammals  the  parts  are  so  arranged  that  the  posterior  border  of  the 
velum  appears  to  overlie  the  epiglottis,  abutting  against  the  ventral 
laryngeal  wall.  In  such  a  case,  did  the  epiglottis  merely  function, 
during  deglutition,  as  a  lid,  the  effects  of  its  displacement  would  be 
simply  that  of  forcing  it  back  upon  the  velum  palati.  A  flapping 
action  in  deglutition,  as  ordinarily  understood,  could  manifestly 
only  be  possible  in  forms  in  which  the  velum  stops  short  of  the 
epiglottis." 


340     Development  of  Apteryx.     Electrical  Reeietances.     [Jan.  21, 


in.  **  Additional  Observations  on  the  Development  of  Apteryxr 
B7  T.  Jeffery  Parker,  B.Sc,  F.R.S.,  Professor  of  Biology 
in  the  University  of  Otago,  Dunedin,  New  Zealand.  Re- 
ceived December  15,  1891. 

(Abstract.) 

The  paper  is  founded  apon  the  study  of  three  embryos  of  Apteryx 
australis  obtained  since  the  author's  former  communication  on  this 
subject  was  written. 

The  youngest  (stage  E')  is  intermediate  between  E  and  F  of  the 
former  paper,  the  next  (F')  between  F  and  G-,  the  most  advanced 
(G')  between  G  and  H. 

In  E'  the  characteristic  form  of  the  beak  has  already  appeared. 

In  F'  the  pollex  is  unusually  large,  giving  the  fore-limb  the  normal 
characteristics  of  an  embryo  wing. 

Several  important  additions  and  corrections  are  made  to  the  former 
account  of  the  skull,  especially  with  regard  to  the  pre-sphenoid 
region,  the  basi-cranial  fontanelles,  and  the  relations  between  the 
trabecular  and  para-chordal  regions. 

The  account  of  the  shoulder-girdle  is  amended.  In  Apteryx  oweni 
the  coracoid  region  is  solid,  and  no  pro-coracoid  appears  ever  to  be 
formed :  in  ^.  australis  a  ligamentous  pro-coracoid  is  present  at  a 
comparatively  early  period  (stage  F'  and  perhaps  E'). 

An  intermedium  is  present  in  the  carpus  in  all  three  specimens  in 
addition  to  the  elements  previously  described. 

The  brain  in  stage  G'  is  interesting,  as  being  at  what  may  be  called 
the  critical  stage ;  the  cerebellum  is  fully  developed,  and  the  optic 
lobes  have  attained  the  maximum  proportional  size  and  are  lateral 
in  position.  In  all  essential  respects  the  brain  of  this  embiyo  is 
typically  avian. 


IV.  "  On  a  Differential  Electrostatic  Method  of  measuring  High 
Electrical  Resistances."  By  Major  Cardew,  RE.  Com- 
municated by  Sir  WiLLiAM  THOMSON,  D.C.L.,  P.R.S. 
Received  January  6,  1892. 

The  following  method  has  been  found  useful  for  determining  the 
relative  value  in  insulating  quality  of  small  samples  of  materials,  the 
insulation  resistance  of  short  pieces  of  cable,  and  other  very  high 
resistances. 

The  arrangement  is  also  suitable  for  continuously  indicating  the 
position  on  any  electrical  circuit,  worked  at  a  high  pressure,  of  the 
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lesnltant  f&nlt  or  poiot  of  zero  potential ;  and  for  meaanrmg  the  in- 
sulation of  the  circuit  while  the  prasBore  is  on. 

Ocmnecttotu. — The  method  consists  in  connecting  the  quadrants  of 
an  ordinarj  quadrant  electrometer  to  the  terminals  oE  a  source  of 
fairly  high  E.M.F.,  while  the  alninininm  vane  or  needle  is  connected 
to  earth. 

The  resistance  to  be  determined  is  connected  to  one  side  of  this 
arrangement,  and  a  variable  resistuice  of  the  same  order  of  magnitude 
to  the  other  side,  the  free  ends  of  each  being  connected  to  earlli. 

The  centre  of  the  battery,  or  other  source  of  G.M.F.,  is  then  earthed 
for  a  short  time,  bringing  the  needle  to  the  zero  reading,  and,  after 
the  removal  of  this  earth  connection,  the  needle  will  travel  to  one 
side  or  the  other,  unless  the  resistance  to  the  passage  of  electricity 
from  each  pole  to  earth  is  exactly  equal,  in  which  case  the  needle  will 
remain  permanently  at  zero. 

By  observing  the  motion  and  varying  the  oomparison  resistance 
accordingly,  this  balance  is  soon  arrived  at,  if  within  the  range  of 
variation  provided. 

The  arrangement  is  shown  in  the  figure,  where  B  is  the  battery  or 
other  source  of  E.U.F.,  Q  the  quadrants,  X  the  needle,  X  the  un- 
known resistance,  and  B  the  variable  resistance.  The  earth  contacta 
are  shown  by  E. 


Diagnun  of  cotmeetiom  for  electrost&tio  bsluice  for  * erj  high  reuriAiices.     The 
oppoaite  qnadnnta  of  electrometer  ue  not  ibown. 

Principle. — The  method  depends  upon  the  well-known  fact  that 
every  source  of  electricity  produces  equal  quantitiea  ol  ^W^  v«) 
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commonly  called  the  two  kinds  of  electricity  in  any  time,  however 
extended,  and  at  any  instant  at  an  eqnal  rate. 

I  have  recently  drawn  attention  to  this  law  as  determining  the 
potentials  from  earth  of  the  two  sides  of  any  system  of  electric  supply 
(vide  my  paper  read  on  the  23rd  AprU,  1891,  at  the  Institation  of 
Electrical  Engineers). 

If  we  conceive,  therefore,  a  perfectly  insnlated  voltaic  battery,  the 
potentials  of  the  terminals  of  this  source  from  earth  wonld  be  deter- 
mined by  momentarily  connecting  any  one  of  the  metal  plates  with 
the  earth.  Under  snch  conditions,  the  smallest  leakage  from  either 
pole  to  earth  throngh  a  resistance  amounting  to  many  millions  of 
megohms,  if  unbalanced  by  any  leakage  from  the  other  pole,  must 
rapidly  reduce  the  potential  of  the  imperfectly  insulated  pole  to 
zero. 

The  only  Hmit,  therefore,  to  the  sensibility  of  the  method  is  the 
imperfection  of  the  insulation  of  the  measuring  apparatus,  and  this 
insulation,  with  proper  precautions,  can  be  easily  maintained  at  a  value 
exceeding  1,000,000  megohms. 

Sowrces  of  E.M.F, — A  very  convenient  source  of  E.M.F.  for  the 
purpose  is  the  arrangement  of  small  zinc-copper  couples  in  series, 
moistened  by  dipping  the  whole  into  a  pan  containing  acidulated 
water,  which  is  in  use  at  the  Physical  Laboratory  at  Glasgow 
University. 

Four  hundred  such  couples  are  usually  arranged  on  an  ebonite 
support,  and  the  sensibility  with  this  number  is  ample.* 

A  still  better  source,  when  alternating  currents  are  available,  is  a 
special  form  of  transformer,  the  secondary  coil  being  suspended  in 
air  by  a  silk  cord. 

The  highest  insalation  can  thus  be  secured.  But  when  the  resist- 
ance to  be  balanced  possesses  appreciable  capacity,  the  use  of  an 
alternating  E.M.F.  is  unsaitable,  on  account  of  the  masking  of  the 
efPect  of  the  leakage  current  proper  by  the  capacity  current. 

Comparison  Resistances. — The  variable  resistance  is,  most  conveni- 
ently, some  material  of  uniform  cross  section,  so  that  its  resistance 
varies  as  the  length  put  in  circuit.  Reels  of  white  silk,  cotton, 
thread,  and  string  are  very  suitable,  and  with  a  few  such  simple 
materials,  balances  can  be  obtained  through  a  great  tange  of  value, 
although  no  multiplying  or  dividing  power  is  possible.  Thus,  a 
white  embroidery  silk  has  been  found  to  have  a  resistance  of  approxi- 
mately 250,000  megohms  per  inch ;  a  green  thread,  partly  silk  and 
partly   cotton,    10,000  megohms    per  inch   in   a  dry   atmosphere  ; 

•  The  mahogany  legs  supplied  with  this  battery  should  be  replaced  by  gpoored 
ebonite  legs,  to  improye  insulation,  and  it  is  also  of  advantage  to  insert  under  each 
leg  a  piece  of  sealing-wax.  The  couples  require  to  be  taken  out  and  cleaned  occa- 
Bionally;  if  allowed  to  get  dirty,  the  E.M.F.  becomes  low. 
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an  ordinary  measuring  tape,  1400  megohms  per  inch,  <tc.,  down  to  a 
piece  of  wet  tape,  which  gave  64,000  ohms  per  inch. 

These  resistances  are,  to  some  extent,  affected  bj  the  degree  of 
humidity  of  the  air,  but,  when  necessary,  they  can  be  rapidly  standard- 
ised with  sufficient  accuracy  by  determining  one  of  the  lowest  by  the 
usual  method};  or,  as  a  check,  when  time  allows,  a  highly  insulated 
condenser  can  be  shunted  by  a  length  of  silk,  and  the  loss  of  charge, 
in  a  given  time,  measured. 

Ufuymmetrieal  Instdation  of  Apparatus, — If,  from  any  cause  which 
cannot  be  discovered  or  removed,  the  insulation  resistance  of  the 
apparatus  is  unsymmetrical,  indicated  by  the  needle  taking  up  a  false 
zero  when  connection  is  made  between  the  battery  and  quadrants, 
symmetry  can  be  always  secured  by  connecting  a  length  of  silk,  found 
by  trial,  between  the  more  highly  insulated  pole  and  earth. 

Limits  of  Aceuracy. — The   accuracy   attainable    by  this  method* 
depends  on  the  sensibility  of  the  electrometer  and  the  potential 
difference  employed. 

With  an  ordinary  suspension,  however,  it  has  been  found  that 
with  a  battery  giving  about  350  volts  the  difference  in  reading  be- 
tween that  with  the  centre  of  the  battery  earthed  and  that  with  the 
earth  connection  made  at  1  volt  from  the  centre  amounted  to  1 2  scale 
divisions. 

This  sensibility  should,  therefore,  be  ample  to  secure  an  accuracy 
within  1  per  cent.,  which,  for  resistances  of  several  thousand 
megohms,  is  generally  sufficient. 

Leakage  Indicator, — The  same  principle  of  balance  may  be  usefully 
adapted  as  a  leakage  indicator  for  electric  supply  circuits  worked  at 
high  pressure. 

For  this  purpose  a  special  pattern  of  electrometer  is  requisite. 
The  quadrants  are  connected,  respectively,  to  the  two  mains  con- 
stituting a  circuit,  and  the  needle  to  earth.  If  the  insulation  of  the 
entire  circuit  is  good,  the  potential  from  earth  of  the  two  mains  will 
probably  be  nearly  equal,  and  the  needle  will  remain  at  zero ;  any 
leakage  taking  place  will  disturb  the  balance  to  one  side  or  the 
other. 

By  temporarily  switching  a  small  leak  first  on  one  side  and  then 
on  the  other,  and  noting  the  effect,  the  absolute  value  of  the  insula- 
tion may  be  approximately  assessed. 

The  arrangement  is  not  applicable,  however,  to  a  concentric  system 
of  mains  with  alternating  currents,  or  in  any  case  where  the  capacities 
are  large  and  seriously  unequal. 
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V.  mQd  the  Eleotroljns  of  Silver  Nitrate  w  Vomo,"  Bf 
Abtbubl  Sohustbb,  F.B£^  and  Abthub  W.  OBOsaur, 
B.80.    Received  Jtmoiuy  b,  1892. 

Tbz  following  inreatig^tion  wu  undertaken  in  order  to  dear  ap 
■annfl  minor  irregalAiitiea  wHc^  oooor  when  tlie  inteuitjr  (tf  ia 
ekotrui  enrrent  is  nuaaored  bj  means  of  a  nlrer  voltameter. 

The  electroljiis  of  silver  nitrate  yields  witik  moderate  praoaolioM 
sooli  TeT7  oonsiitent  rcsnlte  that  it  Memed  of  intereat  to  follow  ap 
the  small  apparent  deviatums  ttom  Fantdaj's  laws  whioh  are  fooad 
to  ecurt.  One  of  these  irregnl«rities  hu  been  notioed-by  Lord  Baj- 
leigh,  who  found  that  the  deposit  of  silver  from  a  hot  soIatiaiL  wss 
aboat  one  part  in  two  ihonaand  heavier  than  ^e  deposit  from  a  ooU 
solaticm.  A  seoond  anomaly  lies  in  a  small  bat  zegolar  diaarapaaej 
in  the  deponta  when  these  sre  takan  simnltaneoostj  in  platianu 
bowls  of  different  sises ;  the  di&rsDoe,  aooordiag  to  onr  e^erinuHts, 
seems  to  depend  on  the  onrrent  denn<7  at  the  onods.  Bnt  the  ehief 
pezt  of  this  p^ier  will  deal  with  the  &ot  disoovered  by  ns,  thai  tiis 
depomts  are  sli^Uy  larger  when  tiie  eleotrolysia  is  oondnoted  w 
«aoHO  than  when,  as  nsoalt  the  voltaineters  are  exposed  to  air  at  the 
ordinary  pressure.    This  diSerenoa  we  traoe  to  the  effects  of  dissolved 
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oxygen,  for  wHen  the  electrolysis  is  carried  out  in  an  atmosphere  of 
3zygen  the  deposits  are  smaller  than  those  obtained  in  air. 

The  apparatus  we  employed  to  obtain  a  deposit  in  vacuo  is  iUus- 
larated  in  fig.  1.  An  inverted  bell- jar,  closed  at  the  bottom  by  an 
india-rubber  stopper  and  at  the  top  by  a  plate  of  glass,  contains  a 
bight-fitting  cylindrical  cage  of  wire  gauze,  which  serves  as  support 
bo  the  electrodes.  The  platinum  basin  is  placed  on  two  stout  copper 
wires,  F,  which  are  soldered  to  the  cage.  Metallic  contact  between 
the  wires  and  the  bowl  is  secured  by  the  help  of  tinfoil,  which  is 
wrapped  round  the  wires  and  forms  a  cushion  on  which  the  bowl 
rests.  One  of  the  wires  leading  to  the  battery  is  soldered  to  the 
3age.  The  anode  is  suspended  from  a  glass  rod,  C,  fixed  to  the  cage 
near  its  upper  end,  the  current  being  conveyed  to  the  anode  by  an 
insulated  wire  passing  through  a  glass  tube,  B,  which  is  also  secured 
bo  the  cage.  Three  pieces  of  glass  tubing  pass  through  the  india- 
rubber  stopper;  one  serves  to  exhaust  the  vessel,  while  the  wires 
leading  to  the  battery  pass  through  the  remaining  two. 

The  stopper  is  rendered  air-tight  by  means  of  Faraday  cement,  and 
Bome  grease  has  to  be  used  to  prevent  leakage  between  the  glass 
plate  and  bell-jar.  To  prevent  particles  of  this  grease  contaminating 
the  solution,  a  tightly-fitting  piece  of  cardboard,  not  shown  in  the 
Bgnre,  was  placed  above  the  cage.  In  the  latter  part  of  the  investi- 
^tion  two  nearly  identical  bell- jars  were  used. 

The  same  current  always  passed  through  two  or  three  voltameters 
in  succession,  and  the  deposits  obtained  simultaneously  were  com- 
pared with  each  other.  One  of  the  platinum  bowls,  to  be  referred  to 
EU9  the  large  bowl,  has  a  diameter  of  5  inches,  while  the  smaller  bowl 
bad  a  diameter  of  3^  inches. 

The  silver  anodes  had  a  thickness  of  about  2  mm.,  and  generally 
larger  anodes  were  used  in  the  large  bowl  than  in  the  small  one. 
With  respect  to  the  contact  between  the  anodes  and  the  platinum 
wires  conveying  the  current,  it  seems  worth  while  to  draw  attention 
to  a  precaution,  which,  if  neglected,  may  cause  serious  trouble.  We 
placed  at  first,  for  the  sake  of  convenience,  the  anodes  simply  into 
two  loops  of  platinum  wire.  These  loops  crossed  at  right  angles  as 
in  fig.  2.  The  current  under  these  circumstances  is  apt  to  pass 
partly  from  the  platinum  wires,  and  dark  red  crystals   (probably 

Fto.  2. 
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AgiOi)  then  shoot  out  rapidly  and  form  a  bridge  across  the  sleofaeo- 
Ijte. 

We  have  not  observed  similar  effects  when  the  silver  plates  were 
perforated,  and  the  platinnm  wires  which  passed  nnder  the  silver 
plate  were  everywhere  in  metallic  contact  with  it.  We  need  filter- 
paper  to  cover  the  anodes,  and  followed  generally  Lord  Bayleigh'i 
instructions  regarding  the  conduct  of  the  experiment.  The  platinum 
basins  were  in  some  experiments  first  cleaned  out  with  sand,  but 
•often  this  was  not  done.  They  were  then  washed  with  (1)  con- 
centrated nitric  acid,  (2)  strong  caustic  soda,  (8)  tap  water,  (4) 
distilled  water.  They  were  dried  roughly  with  a  dean  silk  hand- 
kerchief and  heated  over  a  Bunsen  flame.  After  an  hour's  cooling 
they  were  weighed.  The  deposits  of  silver  were  washed  three  or 
four  times  with  distilled  water,  and  allowed  to  stand  under  water 
for  a  night;  they  were  then  sgaih  washed  several  times  and  drrad  in 
an  air-bath  at  first  at  100^  G. ;  the  temperature  was  finally  raised  to 
IWf  for  ten  minutes.  After  an  hour's  codling,  the  final  weighings 
were  taken. 

In  a  large  number  of  experiments  it  almost  certainly  happens  that 
some  anomalous-  results  are  obtained,  either  through  insuffident  wash- 
ing or  through  loss  of  small  quantities  of  silver.  We  give,  without 
•exception,  the  result  of  each  experiment,  and  think  that  on  the  whole 
they  show  a  remarkable  consistency  in  the  indications  of  the  sDver 
voltameters.  The  effects  we  investigate  are  the  differenoes  in  the 
deposit  of  less  than  one  part  in  a  thousand,  and  the  possibility  of 
investigating  these  differences  is  a  proof  that  the  electrolysis  of 
silver  nitrate  can  safely  be  trusted  to  that  degree  of  accuracy. 

The  only  serious  source  of  error  against  which  we  had  to  guard  was 
the  prevention  of  leakage  in  the  leads  between  the  two  voltamefors. 

That  our  results  can  in  no  way  be  attributed  to  such  leakage  is 
shown  by  the  fact  that  the  voltameters  were  used  in  the  same  position 
with  the  bell-jar  exhausted  or  full  of  air.  When  the  jar  was  full  of 
air,  the  difference  in  the  deposit  disappeared,  except  for  the  small 
anomaly  due  to  the  different  sizes  of  the  basins. 

When  the  jar  is  exhausted,  it  might  be  thought  that  a  film  of 
moisture  could  condense  outside  the  platinum  bowl,  owing  to  the 
oooling  due  to  evaporation  in  an  atmosphere  saturated  with  vapour. 
If  such  a  film  were  to  a  certain  extent  to  short-circuit  the  bowl,  a 
smaller  deposit  would  be  formed  in  vacuo;  but  our  effect  is  an 
increase,  not  a  diminution,  of  the  deposit.  Our  leads  were  all  care- 
fully insulated,  and  as  the  resistance  of  the  voltameters  was  never 
more  than  1  ohm,  there  is  no  difficulty  in  avoiding  leakage  to  the 
extent  required. 

For  the  sake  of  clearness,  we  do  not  g^ve  our  results  in  the  order 
in  which  they  were  obtained,  but  the  numbers  attached  to  each 
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experiment  represent  the  order  in  which  they  were  made.  We  begm 
hj  comparing  together  the  deposits  obtained  in  bowls  of  difforeni 
sizes,  both  being  in  air. 

With  the  exception  of  the  last  three  obsenrations,  the  results  giTe 
a  consistent  difference  of  about  two  parts  in  ten  thousand  in  favour  of 
the  larger  bowl.  With  respect  to  the  last  three  observations,  wehavB 
to  offer  the  following  explanation : — In  order  to  trace,  if  possible,  the 
difference  between  the  results  obtained  with  large  and  small  bowk, 
we  used  in  these  experiments  two  anodes  of  the  same  size,  while  in  all 
otber  cases  the  anodes  were  approximately  proportional  to  the  sise  of 
tbe  bowl.  Experiment  12  is  anomalons ;  we  cannot  account  for  tlie 
difference  of  3  milligrams  in  favour  of  the  small  bowl,  and  simply 
record  the  observation ;  but  do  not  think  that  this  one  experiment 
can  render  the  results  of  the  others  doubtful,  especially  when  taken 
in  conjunction  with  Lord  Bayleigh's  observations,  presently  to  be  re- 
ferred to.  Experiments  13  and  14  seem  to  show  that  when  anodes 
of  the  same  size  are  used  the  discrepancy  between  the  bowls  dis- 
appears. This  confirms  an  impression  we  have  gained  that  tbe 
effect  is  possibly  due  to  secondary  products  formed  at  the  anode 
when  the  current  densily  there  exceeds  a  certain  value.  It  seems 
certain  that  too  great  a  current  density  at  the  anode  is  accompanied 
by  a  smaller  deposit,  but  our  experiments  are  not  sufficient  to  decidaa. 
whether  the  systematic  difference  in  the  two  bowls  is  to  be  ascribed 
to  the  same  cause. 


Table  II. — Comparison  of  Deposits  obtained  by  Lord  Rayleigh  in 

Large  and  Small  Bowls. 


DfkfA 

Deposit  in 

Deposit  in 
small  bowls. 

Difference  in 

Percentage 

dJtklAJm 

large  bowls. 

mgrms. 

difference. 

grms. 

grms. 

Nov.  29 

3-0166 

3-0165 

+  01 

+  0  003 

Dec.     4 

2-9907 

2*9902 

+  0-6 

+  0  017 

Feb.  18 

2-3484 

2-8482 

+  0-2 

+  0  009 

2-3488 

+  0*1 

+  0004 

Feb.  22 

3-2977 

8-2966 

+  1-1 

+  0-033 

8-2979 

-0*2 

-0  006 

Feb.  29 

2-2698 

2*2693 

+  0-5 

+  0-022 

2-2701 

-0-3 

-0  018 

Mar.    5 

1-22*7 

1  -2247 

d:0  0 

±0-000 

1*2248 

-0-1 

-0  001 

Mar.  10 

10648 

1-0643 

+  0-6 

+  0  047 

10646 

+  0-3 

+  0-028 

Mar   14 

1-2897 

1-2892 

+  0-5 

+  0039 

1-2893 

+  0*4 

+  0  031 

« 

Mean.  «...••.. 

+  0  015 
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Lord  Bayleigh  in  his  ezperimeiits  on  the  silver  voltameter  used 
two  bowls  of  approximately  the  same  size  as  ours,  and  the  foregoing 
comparison  will  show  that  the  difference  in  the  deposits  pointed  out 
bj  us  also  appears  in  his  results. 

In  Table  II  we  have  entered  in  two  separate  columns  the  deposits 
obtained  by  Lord  Bayleigh  simultaneously  from  silver  nitrate  solu- 
tions in  large  and  small  bowls  respectively. 

The  mean  deposit  in  the  large  bowls  is  therefore  greater  by  ap- 
proximately the  same  amount  as  in  our  experiments.  In  three  cases 
only  were  the  deposits  in  the  small  bowls  heavier ;  and  in  two  out  of 
these  three  cases  the  bowl  showing  these  larger  deposits  contained 
a  30  per  cent,  solution,  while  the  other  at  the  same  time  was  filled 
with  a  15  per  cent,  solution.  It  seems  possible,  therefore,  that  when 
the  strength  of  the  solution  is  increased  to  30  per  cent,  the  difference 
due  to  the  size  of  the  bowls  will  disappear.  We  have  recalculated 
Lord  Bayleigh's  ivalae  for  the  equivalent  of  silver,  taking  the  de- 
posits in  the  large  and  small  bowls  separately,  using  the  weight  of 
silver  deposited  before  heating  to  verge  of  redness  ;  we  find  for  the 
equivalent  of  silver : 

(a)  calculated  from  deposits  in  large  bowls ....    0  '0111817 

(b)  „  „  small     „     0-0111797 

■^  ~— ^^^^— 

Mean   0  0111807 

The  heating  to  redness  seems  to  affect  the  deposits  equally,  and 
reduces  the  weight,  on  the  average,  by  aboat  one  part  in  ten 
thousand,  which  accounts  for  the  difference  between  the  above  mean 
and  the  equivalent  as  given  by  Lord  Bayleigh  and  Mrs.  Sidgwick. 

In  some  of  onr  later  experiments  we  used  three  voltameters  in 
series,  two  of  them  being  kept  in  an  exhausted  receiver. 

This  arrangement  allowed  us  to  jadge  whether  the  difference  in 
the  results  obtained  with  large  and  small  bowls  persisted  in  vacuo. 
The  results  are  not  very  concordant,  but  the  average  deposits  are 
heavier  in  the  large  bowl,  and  hence  we  do  not  believe  that  the  in- 
Quence  of  current  density  can  be  ascribed  to  the  presence  of  air  in 
the  solution. 

In  Experiment  27  the  manipulation  differed,  in  so  far  as  the  bowls 
^ere  cleared  oat  with  sand  before  use :  a  proceeding  adopted  in  the 
irst  experiments  as  far  as  the  eleventh,  but  abandoned  afterwards. 
^e  cannot,  of  course,  draw  any  conclusions  from  a  smgle  experiment, 
>ut  it  does  not  seem  impossible  that  the  complete  removal  of  the 
>ld  surface  by  washing  with  sand  renders  the  effect  of  carrent  density 
nore  prominent.  There  is,  no  doubt,  a  difference  in  the  condition 
inder  which  the  electrolysis  is  carried  out,  according  as  the  deposit 
akes  place  on  platinum  as  in  the  first  few  secoudS)  or  oil  «^i\^«t  %aek\sL 
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tbe  later  stages,  and  after  a  nmnber  of  experiments  there  maj  be  a 
tbin  layer  of  silYer,  possibly  an  alloy  of  silver  and  platinum,  wliicb 
resists  tbe  action  of  acid,  and  can  only  be  scraped  out  with  sand.  It 
is  to  be  noted  that  Koblranscb  took  his  silver  deposits  on  platinum 
which  had  previously  been  covered  with  a  layer  of  silver ;  while  in 
Lord  Rayleigh*s  experiments  the  silver  deposits  were  removed  from 
tbe  dish  before  a  new  experiment  was  made.  The  difference  may 
account  for  the  somewhat  greater  equivalent  found  by  Kohlrausch ; 
but  the  concordance  of  the  results  shows  that  there  can  be  no 
systematic  difference  amounting  to  more  than  a  few  parts  in  ten 
thousand. 

We  turn  now  to  the  main  part  of  the  investigation,  which  is  the 
comparison  of  the  deposits  obtained  in  air  and  vacuo.  The  solution 
used  in  the  different  voltameters  was  always  taken  out  of  the  same 
bottle.  We  had  intended  in  this  way  to  make  sure  that  any  difference 
in  the  deposits  was  not  due  to  some  chemical  difference  in  the  solu- 
tions. It  did  not  occur  to  us  at  the  time  that  the  solution  in  one 
voltameter  being  freed  of  air,  we  should  gradually  diminish  the 
amount  of  air  also  in  the  other  voltameter,  for  the  solutions  were 
kept  in  stoppered  bottles,  which  did  not  allow  of  a  ready  re-absorption 
of  oxygen.  It  will  be  seen  that  the  differences  in  the  deposits,  when 
these  were  taken  in  air  and  va^mOy  were  larger  and  more  regular  in 
the  first  experiments  than  later  on,  and  this  may  have  been  due  to 
the  gradual  elimination  of  oxygen  out  of  the  solution. 

Our  first  experiments  were  made  with  the  large  bowl  placed  in 
vacuo,  and  the  small  one  in  air.  The  results,  to  which  a  later  one  is 
added  for  the  sake  of  completeness,  are  embodied  in  Table  lY.  Ex- 
periment 17  was  not  a  satisfactory  one,  as  will  be  explained  later  on, 
and  is  therefore  included  in  square  brackets. 

The  large  difference  between  the  result  obtained  in  air  and  in  vacuo 
first  drew  our  attention  to  a  possible  influence  of  the  size  of  the  bowl. 
The  experiments  made  to  clear  up  this  point  have  already  been 
described.  A  few  deposits  were  taken  with  the  small  bowl  in  vacuo 
and  the  large  bowl  in  air ;  although  the  two  effects  counteract  each 
other,  the  deposits  in  vacuo  are  larger  than  those  in  air,  as  is  shown 
by  Table  V. 

On  the  supposition  that  the  effect  due  to  the  size  of  the  bowl  is  the 
same  in  air  as  it  is  in  vacuo,  we  may  combine  the  results  of  Tables 
lY  and  Y,  and  thus  find  that  the  deposits  of  silver  in  va^uo  are  about 
one  part  in  a  thousand  larger  than  those  in  air.  The  next  two 
experiments  (Table  YI)  were  a  surprise. 


^^^ 


352  Prof.  A.  Schuster  and  Mr.  A.  W.  Crossley.    [Jan.  21, 


OD 
O 

a 


2 


Pi 

d 

0 

0 

03 
o 

M 

0 

o 

o 

^H 
o 

a, 

O 

B 

<1 
-^ 

a 


CD 
O 

a, 

p 


o 

a 

a, 

a 

o 


l-H 


«# 

^ 


s 


^  cc  lO 
"^  «  3i 


O  O  C 


•       •       • 

iH  •-•  CO 


-5 
'6 

& 


OQ 


t-l  Oi  ^ 

|A  00  <^ 

N  ^  o 

•  •  • 

•-•  1-1  ©i 


t-l  ^  C<l 


^  o  o 

CO  CO  CO 


|5  i 


O  O  lO 

■  •  • 

coo 


^  a  c 
to.S 


o 
o 


S, 


,     N  N  o 

f-H  i-t  2^ 


o 

ee 


a.  -f  1^ 


«4-t    "A^ 

o  a 
S  § 


I  f-H    CC    t>» 


0 


»4 

n3 

0 

0 

0 
c3 

Q 

&^ 

0 
ao 

CQ 

Q 

t^ 

Ch 

a 

o 

cc 

O 


C3 

CC 

O 

a, 
Q 


c 
o 


a 
o 

O 


-2 


boo 


S  be 


09  l-l »] 

•  •  ■ 

1H  l-H  ©J 


5 

*s 

O 
0« 


00  o  -* 

-f  »o  i-l 

94  eo  o 
*>•  ^  •— 

fH  «H  O 


^ 


78    ** 
OQ 


kO  f-i  ;c 
ud  CO  CO 
M  CO  c 

•        •        • 
f-it  i-H  O 


§•3  = 
•«  o  c 

>-.    u    a 


«  eo  o 
CO  cc  c^ 


3  ^ 

S.i-(    « 

(^  "^  ffl 


r^  o  c;      ' 

•        •        • 

000 


bC.2  o 


©1  (M  M 


c 

0) 

»4 

-J 

0 

& 

CQ 

ao 

^  ec  Ci 

0 

C^  Ci  N 

^^ 

e! 

^ 

I         »«•»•■ 


c 
5z; 


E 


la  O  X 


I       On  the  Electrolysis  of  Silver  Nitrate  in  Vacuo. 


355V 


OQ 

^ 

U 

C 

•F" 

H« 

1— 1 

-»d 

0 

O 

^ 

03 

«4-l 

o 

9 

M 

p 

00 

CO 

o 

(4 

^ 

TJ 

o 

o 

0 

•13 

0) 

P2 

03 

u 

o 

•13 

P 

d 

TJ 

03 

d 

0 

OQ 

9^ 

bo 

u 

c 

p 

•  ^N 

i! 

.2 

S 

^ 

§ 

o 

id 

•c 

;S 

o 

•*» 

^ 

<D 

a. 

O 

c 

< 

o 

■«3 

^ 

06 

-(^ 

oo 

03 
O 

O 


o 

CQ 
•  (-• 

OS 

Oh 

a 

o 
O 


E-1 


o     • 

* 

g 

;:  u 

9 

o 

Sc§ 

o 

o 

15 

1 

1 

11 

• 

• 

91 

o 

•■a^ 

1 

1 

o.s 

f^ 

> 

o  »• 

t* 

o 

• 

s 

OQ 

• 

1> 

h) 

O      i                       1 

^ 

pjS 

Ic  v 

.^ 

o  2 

lO 

a> 

C) 

Si    g 

tip 

04 

£s 

-3  » 

• 

00 

i-H 

• 

S.5 

-* 

\a 

oo  " 

**-<    « 

o-s  S 

c  t^-s 

•J  "si 

o 

CD 

00 

e-si 

i-H 

3   « 

o 

-za 

s 

1        «  p  . 

1               2  .^    eo 

a  ^  © 

Ill 

CO 

• 

O 

0) 

• 

o 

<1 

'5  c  c 

-Sc.S  Z 

^ 

M 

c  - 

pH 

iH 

«;  3  j^ 

s  '^  ^ 

w    O    &i 

OQ    • 

« 

to 

t* 

«> 

.*^ 

• 

a 

.jQ 

o 

*» 
•« 

«4-4    ^i 

°g 

l.i 

O 

-H 

Is 

i-H 

rH 

:3  Oi 

;^  g 

\ 

354  Prof.  A.  Schuster  and  Mr.  A.  W.  CSrossley.    [Jan.  21, 

We  traced  the  cause  of  the  anomalous  results  shown  in  this  table. 
The  anode  of  the  small  bowl  had  by  repeated  use  been  gradnallj 
dissolved ;  the  current  density  was  consequently  increased.      Under 
these  circumstances  the  current  becomes  unsteady,  polarisation  effects 
make  themselves  apparent,  and   the   deposits  are  no  longer  trust- 
worthy.    The  deposits  taken  when  the  current  density  is  too  great 
have  generally  a  yellow  colour.     We  are  reminded  of  some  old  expe- 
riments in  which  by  increasing  the  current  density  black  deposits 
were  obtained  on  the  kathode,  which  at  one  time  were  supposed  to 
be  a  hydride  of  silver.      PoggendorfE  is  generally   stated  to  have 
proved  that  the  black  deposit  is  not  a  compound,  but  silver  in  a 
finely  divided  state.     On  referring  to  PoggendorfE's  paper,  his  experi- 
ments do  not  seem  convincing,  and  he  has  expressed  himself  with 
more  caution  than  those  who  quoted  him  afterwards.     He  states, 
however,  that  the  black  deposit  often  suddenly  changes  into  a  light 
one.      Some  observations   made   by   Mr.  Hoskins  Abrahall  in   the 
Owens  College  Laboratory,  as  well  as  our  own  experiments,  lead  us 
to  believe  that  it  is  the  current  density  at  the  anode  more  than  that 
at  the  kathode,  which  introduces  the  anomalous  results.     When  the 
deposits  are  thus  untrustworthy,  the  current,  as  far  as  we  are  able  to 
judge,  is  always  unsteady,  so  that  no  danger  arises  when  the  silver 
voltameter  is  used  for  the  calibration  of  instruments. 

At  this  stage  of  the  inquiry  we  introduced  a  second  bell- jar  and  a 
second  voltameter  of  approximately  the  same  size  as  the  small  one 
previously  used.  The  balance  was  also  changed,  and  the  weighings 
were  taken  on  a  new  short-beam  balance.  This  balance  was  unsteady 
in  its  indications  after  first  setting  up,  and  a  sudden  change  of  zero 
while  one  of  the  basins  was  being  weighed  renders  the  result  of  Experi- 
ment 17  doubtful.  The  numbers,  obtained  in  this  experiment  are 
therefore  included  in  square  brackets  in  our  tables.  Table  VII  gives 
the  comparison  of  the  deposits  in  air  and  i7i  vacuo  taken  in  basins  of 
nearly  the  same  size.  A  glance  at  the  numbers  can  leave  no  doubt 
as  to  the  reality  of  the  increase  in  the  deposit  under  reduced  pres- 
sure, although  the  amount  of  the  increase  is  a  little  uncertain.  There 
is  only  one  case  (Experiment  23)  in  which  the  deposits  are  pi-ac- 
tically  identical,  and  in  that  case  it  was  noticed  that  the  deposit  in 
vacuo  was  yellow — an  indication  that  the  current  density  was  probably 
just  a  little  too  large.  The  average  difference  between  the  deposits 
is  about  one  part  in  two  or  three  thousand. 
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In  tlie  last  three  experiments,  which  gave  comparativelj  laige 
differences,  the  solntions  used  were  kept  separate  between  the  expe- 
riments, and  this  leads  ns  to  think  that  we  had  previoaslj  committed 
an  error  in  mixing  our  solutions,  which,  as  has  already  been  stated, 
must  gradually  have  become  free  of  air.  Experiment  29  shows,  how- 
ever, too  great  a  difference ;  some  of  the  silver  in  the  bowl  kept  in  air 
may  have  been  lost  in  the  washing. 

It  seems  remarkable  that  the  electro- chemical  equivalent  of  silver 
as  deduced  from  the  electrolysis  in  vacuo  is  almost  identical  with  that 
obtained  in  Lord  Bayleigh  and  Mrs.  Sidgwick's  deposits  from  hot 
solutions. 

One  point  as  yet  remains  to  be  discussed.  It  was  reasonable  to 
assume  that  the  increased  deposit  in  vacuo  was  due  to  the  removal  of 
the  oxygen  out  of  the  solution.  In  order  to  obtain  more  definite 
information,  we  took  some  deposits  in  an  atmosphere  of  oxygen.  In 
the  first  experiment  the  two  bell-jars  were  exhausted,  and  one  of 
them  filled  with  oxygen,  which  was  allowed  to  stand  for  three  hours 
over  the  solution  before  electrolysis. 

The  result  was  as  follows : — 

Deposit  in  air        (small  bowl)    1  '8618 

oxygen  „  1  '8618 

(large  bowl)    1  -8624 


)) 

»»  •! 


There  is  here  no  difierence  except  that  due  to  the  size  of  the  bowl. 
As  it  seemed  doubtful  whether  the  oxygen  had  in  the  course  of  three 
houi-s  been  absorbed  to  its  full  extent  by  the  solution,  three  more 
experiments  were  made  and  conducted  as  follows — 

One  small  basin  was  kept  in  air  as  before ;  the  other  was  kept 
in  vacuo,  while  the  large  basin  was  filled  with  a  solution  which  after 
boiling  had  a  stream  of  oxygen  passed  through  until  it  was  con- 
sidered that  the  liquid  was  saturated  with  the  gas.  The  solution 
thus  prepared  was  kept  in  an  atmosphere  of  oxygen.  The  com- 
parison between  the  deposits  in  air  and  vactco  have  already  been 
given  (Experiments  29,  30,  81,  Table  VII). 

The  weight  of  the  deposits  in  air  and  in  oxygen  was  as  follows : — 

Small  bowl  Large  bowl  Percentage 

in  air.  in  oxygen.  difference. 

1  •  8495  1  -8488  0  '04 

1  -8990  1  -8983  0  -04 

1  -8989  1  -8981  0  04 

We  attribute  the  consistency  of  these  results  partly,  at  any  rate,  to 
the  fact  that  the  solutions  used  in  the  three  bowls  were  kept 
3ej)arate 
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In  looking  at  the  figures  it  must  be  remembered  tbat  tbe  largo- 
bowl  would,  if  placed  in  air,  have  given  a  larger  deposit  than  the 
small  one,  so  that  the  difEerence  between  oxygen  and  air  is  really 
f^ater  than  woald  appear  from  the  numbers.  There  seems  little 
doubt,  therefore,  that  it  is  the  removal  of  oxygen  which  is  the  cause 
of  the  increased  deposits  in  vacuo. 

We  have  made  a  namber  of  experiments  on  the  polarisation  of  the 
electrodes  in  onr  silver  voltameters.  It  does  not  follow  that  because 
there  is  as  much  silver  dissolved  as  deposited,  there  is  necessarily 
complete  absence  of  what  is  commonly  called  polarisation.  In  the 
first  place,  the  silver  is  dissolved  from  a  compact  sheet  which  is  in 
%  molecular  condition  different  to  the  crystalline  form  in  which  it  is- 
deposited.  Secondly,  the  silver  is  dissolved  into  a  more  concentrated 
solution  than  that  ont  of  which  it  is  deposited,  and,  as  Warburg  has^ 
pointed  out,  it  is  very  difficult  to  distinguish  polarisation  effects  from 
electromotive  forces  due  to  differences  of  concentration.  Our  experi* 
tnents  have  shown  a  small  but  very  consistent  polarisation  of 
3'007  volt,  which  was  the  same  in  vacuo  and  in  air. 

If,  after  the  polarising  current  has  passed,  the  anode  is  taken  out, 
uid  replaced  after  the  liquid  has  been  thoroughly  stirred,  the  polari- 
sation is  reduced,  but  still  exists  to  the  extent  of  about  one-third  the 
original  value.  The  electromotive  force  of  polarisation  does  not  seem 
jO  be  different  when  the  platinum  basin  is  partially  or  completely 
covered  with  silver ;  but  the  greater  the  amount  of  silver  the  more 
jlowly  does  the  polarisation  die  out.  We  cannot  draw  any  very 
ieiinite  conclusions  from  these  observations,  but  it  seemed  worth 
^hile  to  put  them  on  record. 

We  do  not  wish  to  enter  into  a  full  discussion  of  the  explanation  of 
mr  results,  but  only  draw  attention  to  two  phenomena  investigated 
)y  Helmholtz  and  Warburg  respectively.  It  was  shown  by  Helm- 
Loltz  that  the  small  current  which  passes  through  water  under  the 
kction  of  electromotive  forces  insufficient  to  decompose  it  is  due  to 
he  presence  of  dissolved  oxygen.  If  part  of  the  current  in  a  solution 
»f  silver  nitrate  is  conveyed  by  hydrogen  atoms,  no  hydrogen  could 
leparate  out  as  gas,  but  a  recombination  with  the  dissolved  oxygen 
;onld  take  place.  A  small  fraction  of  the  current  might  be  conveyed 
)recisely  in  the  way  described  by  Helmholtz.  In  a  subsequent  paper,* 
helmholtz  draws  from  thermodynamic  principles  the  conclusion  that 
'  in  very  dilute  solutions  or  in  acids  containing  no  salts  at  all,  metals, 
vhich  we  otherwise  consider  unoxidisable  in  the  acid,  may  dissolve 
o  a  small  extent  with  evolution  of  hydrogen." 

Warburg,t  in  an  important  paper,  shows  that  voltaic  cells  may  be 

:ormed  by  two  pieces  of  the  same  metal,  dipped  into  the  same  solu- 

•  *  Collected  Works,'  vol.  2,  p.  978. 

t  *  Wiedemann,  Annalen,'  toL  88,  p.  921. 


858    Bespiraiian  of  Myricxpoiu.   ^^  Ginger^er  Plant/'    [Jan.  21, 

iion,  if  the  solution  snrronnding  one  of  the  electrodes  contftiiis  oxygen 
in  solution.  He  establishes,  further,  the  fact  that  in  such  oaaes  the 
metal  actually  enters  into  solution,  and  explains  thereby  a  TBanetj  o! 
phenomena.  From  his  observations  there  seems  little  doubt  that  even 
in  a  solution  of  silver  nitrate  silver  may  dissolve  to  a  slight  extent 
The  amount  so  dissolved  is  possibly  increased  when  the  silver  is  in 
the  nascent  state,  and  may  then  become  measurable.* 

We  draw  the  general  conclusion  from  our  experiments  that  the 
true  electrochemical  equivalent  of  silver  is  probably  not  quite  one 
part  in  a  thousand  greater  than  the  value  given  by  Lord  Bayleigh, 
but  that,  if  the  experiments  are  conducted  in  air  imd  under  oirenm- 
stances  similar  to  those  under  which  Lord  Hayleigh's  measurements 
were  made,  the  anomalies  described  by  us  do  not  interfere  with  the 
use  of  the  silver  voltameter  as  a  current  measurer.  On  the  contrary, 
the  &ct  that  we  were  able  to  show  the  existence  of  systematic 
differences  amounting  to  not  more  than  two  parts  in  ten  thousand  is 
a  proof  of  its  trustworthiness. 
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*  I  have  assured  myself  by  experiment  that  the  well-known  diminution  in  weight 
of  copper  in  copper  sulphate  does  not  take  place  in  vacuo,  care  being  taken  to 
remoye  the  dissolved  oxygen  completely.    Experiments  are  at  present  in  progreas  to 
iDresUgate  the  electrolysis  of  copper  in  vacuo. — A.  S. 
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Vol.  XIV.     Part  1.    8vo.    Adelaide  1891.  The  Society. 

Baltimore: — Johns     Hopkins     University.        Studies.       Ser.    9. 

Nos.  11-12.     8vo.     BaUinwre  1891.  The  University. 

Berlin  :—Geselh?chaft  fur  Erdkunde.      Zeitschrift.      Bd.  XXVI. 

No.  6.    8vo.    B&rUn  1891.  The  Society. 

Ohapel  Hill,  N.C. : — Elisha  Mitchell  Scientific  Society.     Journal. 

1891.     Parti.    8vo.    Baleigh,N.O.  The  Society. 

Oracow: — ^Acad^mie  des  Sciences.     Bulletin  International.    No- 

vembre,  1891.    8vo.     Oracovie,  The  Academy. 

Florence: — ^Biblioteca  Nazionale  Gentrale.    Bollettino  delle  Pub- 

blicazioni    Italiane.       1891.      Num.    132,    134-143.      8vo. 

Firenze;    Indici  e    Cataloghi.      Codici    Palatini.      Vol.    II. 

Fasc.  4.    8vo.    Boma  1891;  Codici  Panciatichiani.    Vol.  I. 

Fasc.  3.    8vo.    B(yma  1891.  The  Library. 

Hermannstadt : — Siebenburgischer  Verein  fiir  Naturwissensohaften. 

Verhandlungeo.     Jahrgang  40.      4to.      8vo.     Hermannstadt 

'  1890.  The  Society, 

liondon : — Photographic  Society  of  Ghreat  Britain.    Journal  and 

Transactions.     Vol.  XVI.    No.  2.    8vo.     London  1891. 

The  Society. 
Koyal  Horticultural  Society.     Journal.    Vol.  XTII.     Part  3. 

8vo.    Lmdon  1891.  The  Society. 

Boyal  United  Service  Institution.     Journal.      No.   166.    8vo. 

Londoth  1891.  The  Institution. 

Magdeburg : — Naturwissenschaf  tlicher  Verein.    Jahresbericht  xmd 

Abhandlungen.     1890.    8vo.    Magdeburg  1891. 

The  Society. 
Manchester: — Geological     Society.      Transactions.      Vol.    XXI. 

Part  12.    8vo.    Manchester  1891.  The  Society. 

Munster: — ^KoniglicheAkademie.   Inaugural-Dissertationen.  1891. 

8vo  and  4to.    Munster^  8fc.  The  Academy. 

New  York : — ^Academy  of  Sciences.    Annals.    Vol.  V.    Nos.  1-3. 

8vo.    New  York  1891 ;  Transactions.    Vol.  X.    Nos.  2-6.    8vo. 

New  York  1890-91.  The  Academy. 

Odessa : — Soci6t6  des  Naturalistes  de  la  Nouvelle-Bussie.  M6moires. 

Tome  XVI.     Partie  1.    8vo.     Odessa  1891.  The  Society. 

Paris : — £!cole    des    Hautes    £tudes.      Bibliothdque.       Sciences 

Philologiques  et  Historiques.      Fasc.    62    (Livr.   1),  66-67 

(Livr.  1),  68  (livr.  1).    8vo.    Paris  1891.  TVift^^^^O^. 
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Borne : — ^Accademia  Pontificia  de'  Nnovi  Liucei.  Atti.  Anno  XLIV. 

Sessions  4-6.    4to.     Eoma  1891.  The  Academy. 

B.  Accademia  del  Linoei.     Atti.    Ser.  4.    Memorie.    Sci.  Moral. 

Lnglio — Agosto,  1891.     4to.     Boma,  The  Academy. 

Salem,  Mass. : — Essex  Institute.    Bulletin.    Vol.  XXI.    Nos.  7-12. 

Vol.  XXII.    No.  1-12.    8vo.     Salem  1889-90. 

The  Institute 
Santiago : — Deutscher  Wissenschaf tlicher  Verein.   Verhandlnngen. 

Bd.  II.    Heft  3.    8vo.     Santiago  1891.  The  Society. 

Sydney: — Linnean  Society  of  New  South  Wales.     Proceedings. 

Vol.  VL     Part  1.     8vo.     Sydney  1891.  The  Society. 

Tokio : — College     of     Science,     Imperial    University.       Journal. 

Vol.  IV.     Part  1-2.    4to.     T%o  1891.  The  College. 

Toronto: — Mathematical     and     Physical     Society     of     Toronto 

University.     Papers  read  1890-91.     8vo.     Toronto  1891. 

The  Society. 
Toulouse  : — Faculty  des   Sciences.     Annales.     Tome  IV-V.    4to. 

Toulouse  1890-91.  The  Faculty. 

Turin: — B.    Accademia     delle     Scienze.       Atti.       Vol.    XXVI. 

Disp.  9-13.     8vo.     Torino  1891 ;  Memorie.     Tomo  XLI.    4to. 

Torino  1891.  The  Academy. 

Upsala; — Societe  Boyale  des  Sciences.     Nova  Acta.     Vol.  XIV. 

Fasc.  2.     4to.     Upsalioe  1891.  The  Society. 

Universitet.     Arsskrift.     1890.     Upsala  [1891]. 

The  University. 
Utrecht : — Physiologisch    Laboratorium   der  Utrechtsche   Hooge- 

school.     Onderzoekingen.     Vierde  Becks.     Deel  I.     Stuk  2. 

8vo.     Utrecht  1891.  The  Laboratory. 

Provineiaal   Utrechtsch  Genootschap.     Aanteekeningen  van  het 

verhandelde     in     de     Sectie-Vergaderingen.        1891.       8vo. 

Utrecht;    Verslag   van    het    verhandelde    in    de    Algemeene 

Vergadering.     1891.     8vo.     Utrecht.  The  Society. 

Vienna  : — Anthropologische    Gesellschaft.      Mittheilungen.       Bd. 

XXI.     Heft  2-3.     4to.     Wien  1891.  The  Society. 

K.  Akademie  der  Wissenschaf  ten.      Anzeiger.     1891.     Nr.  11- 

25.      8vo.       Wien;  Denkschriften    (Matli.-Natnrw.     Classe). 

Bd.  LVII.     4to.     Wien  1890 ;  Denkschriften  (Philos.-Histor. 

Classe).     Bd.  XXXVII I-XXXIX.   4to.    Wien  1890-91 ;  Sitz- 

ungsbericbte  (Math.-Naturw.  Classe).     Abth.  1.     Bd.  XCIX. 

Heft  4-10.    8vo.     Wien  1890.    Bd.  C.    Heft  1-7.    8vo.     Wien 

1891.     Abth.  2a,     Bd.  XCIX.     Heft  4-10.     8vo.   Wien  1890. 

Bd.  C.     Heft  1-5.     8vo.     Wien  1891.     Abth.  26.     Bd.  XCIX. 

Heft  4-10.    8vo.     Wien  1890.     Bd.  C.     Heft  1-6.     8vo,    Wien 

1891.    Abth.  3.    Bd.  XCIX.    Heft  4-7.    8vo.     Wien  1890. 
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Bd.  C.  Heft  1-4.  8vo.  Wien  1891 ;  Sitzungsberichte  (Philos.- 
Histor.  Classe).  Bd.  CXXII-CXXIV.  8vo.  Wien  1890-91 ; 
Almanach.     1890-91.     8vo.     Wien.  The  Academy. 

K.K.  Geologische  Beichsanstalt.  Yerhandlungen.  1891.  Nos.  8- 
14.  8vo.  Ficn;  Jahrbuch.  1890.  Heft  3-4.  1891.  Heft  1. 
8vo.     Wien.  The  Institute. 

Washington  : — Smithsonian  Irstitotion.  Annual  Report.  1889. 
8vo.  Washington  1890 ;  Miscellaneous  Collections.  Nos.  594, 
663,  785.  8vo.  Washington  1885-91 ;  Experiments  in  Aero- 
dynamics. 4to.  Washington  1891.  The  Institution. 
U.S.  Department  of  Agriculture.  North  American  Fauna.  No.  5. 
8vo.  Washington  1891.  The  Department. 
U.S.  National  Museum.  Proceedings.  Vol.  XIV.  Nos.  842- 
857,  861-865,  867-873,  875-879.  8vo.  Washington  1891 ; 
Bulletin.     No.  39.     (5  Parts.)     8vo.     Washington  12>^1. 

The  Museum. 
Wellington : — New  Zealand  Institute.     Transactions  and  Proceed- 
ings.    1890.     8vo.     Wellington  \6^\.  The  Institute. 
Wiirzburg  : — Physikalisch-Medicinische    Gesellschaft.       Sitzungs- 
berichte.    Jahrg.  1891.     Nos.   2-3.     8vo.     Wiirzburg;  Ver- 
handlungen.     Bd.  XXV.     Nr.  3-5.     8vo.     Wiirzburg  1891. 

The  Society. 

Zurich : — Naturforschende  Gesellschaft.  Vierteljahrsschrif t.  Jahrg. 

36.     Heftl.     8vo.     Zurich  1S91.  The  Society. 

Physikalische  Gesellschaft.     Vierter  Jahresbericht.    1890.     8vo. 

ZuHch  1891.  The  Society. 
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Adelaide : — Public  Library,  Museum,  and  Art  Gallery  of  South 
Australia.     Report.     1890-91.     Folio.     Adelaide  1891. 

The  Board  of  Governors. 
Bombay  : — Government  Observatory,  CoUba.     Report  on  the  Con- 
dition and  Proceedings  of  the  Observatory  for  the  year  ended 
30th  June,  1891.     Folio.    Bombay,  The  Director. 

Meteorological  Office.     Brief  Sketch  of  the  Meteorology  of  the 
Bombay  Presidency  in  1890-91.     Folio.     [JBomftay.] 

The  Office. 

Brisbane : — Chief  Weather  Bureau.     Weather  Charts  of  Australia. 

1891.     [Sheets.]  The  Bureau. 

Registrar-General's     Office.       Vital     Statistics,    1890.     Folio. 

Brisbane  1891 ;  Statistics  of  the  Colony  of  Queensland,  1890. 

Folio.     Brisbane  1891.  Ticia^^^'a^. 
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Calcntta : — ^Meteorological  Department,  Gbvemment  of  India.  Re- 
port on  the  Meteorology  of  India,  1889.   ^to.     Calcutta  1891. 

The  Department. 
Cambridge,  Mass. : — ^Astronomical  Observatory  of   Harvard  Col- 
lege.    Annals.     Vol.  XXVI.     Part  1.     Vol.  XXX.     Part  2. 
4to.     Cambridge  1891.  The  Observatory. 

Canada : — Geological  and  Natural  History  Survey.  Contributions 
to  Canadian  Micro-PalaBontology.  Part  3.  8vo.  Montreal 
1891.  The  Survey. 

Chemnitz: — Kon.  Sachsisches  Meteorologisches  Institut.  Bericht 
fiir  das  Jahr  1890.  4to.  Chemnitz  1890;  Antrage  und 
Darlegungen  zu  den  Fragen :  3,  6,  8,  25,  26,  27,  30,  48,  49, 
des  provisorischen  Programms  vom  1.  Jnli  1891  fiir  die 
Verhandl.  der  Versamml.  der  Directoren  der  Meteorolog.  Cen- 
tralstellen  der  Erde  in  Miinchen,  von  Dr.  P.  Schreiber.  4to. 
Chemnitz,  The  Institute. 

Dorpat : — Stemwarte.  Meteorologisohe  Beobachtungen.  1881-85. 
3d.  IV.     8vo.     JDorpat  1891.  The  Observatory. 

Finland: — Commission  G^ologique  de  la  Finlande.      Carte  G^ 
logique.    Nos.  16-17.    [Sheets.]    With  accompanying  Descrip- 
■  tions.     8vo.     Helsingfors  1890.  The  Survey. 

France :  — fitades  des  Gites  Min^raux  de  la  France.  Bassin 
Honiller  et  Permian  d*Autun  et  d'Epinac.  Fasc.  3.  PoissonR 
Fossiles.     4to.     Paris  1890. 

Ministere  des  Travaux  Publics. 

Geneva. —  Observatoire.     Resume  M^teorologique  de  I'Annee  1890 

pour  Geneve  et  le  Grand  Saint-Bernard.      8vo.      Geneve  1891. 

The  Observatory. 
India : — Great  Trigonometrical  Survey  of  India.     Account  of  the 
Operations.     Vol.  XIV.     4to.     Dehra  Dun  1890. 

The  Survey. 
International  Polar  Expeditions: — Beobachtungen  der  Russischen 
Polarstation    auf    Nowaja   Semlja.      I.    Theil.    Magnetischo 
Beobachtungen.     4to.     \_St.  Petersburg']  1891. 

Societe  Imperiale  Russe  de  Geographie. 
Observations  faites  au  Cap  Thordsen,  Spitzberg,  par  rExpedition 
Suedoise.     Tome  I.     4to.     Stoclcholm  1891. 

Academic  Royale  des  Sciences  de  Suede,  through  the 

Meteorological  Office,  London. 

Kiel : — Ministerial-Commission  zur  Untersuchung  der  Dentschen 

Meei^.     Ergebnisse  der  Beobachtungsstationen.     Jahrg.  1890. 

Obi.  4to.     Berlin  1891.  The  Commission. 

London ; — British  Museum.     Catalogue  of  Printed  Books.     Loti — 

Markwort.     4to.     Londo^i  1891.  The  Trustees. 
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Meteorological  Office.    Daily  Weather  Beports  [Bound].    July 

to  December,  1890.    4to.    London ;  Weekly  Weather  Beports. 

[With  Quarterly   Summaries].      1891.      Nos.  24-51.      4to. 

London;     Snmmary   of     Observations,    Daily    and    Weekly 

Weather  Beports.    January  to  March,  1891.    ^to.    London; 

Monthly  Weather  Beports.    May  to  December,  1887.    4to, 

iotiA)»1891;  Quarterly  Weather  Beports.     1880.    Parts  3-4. 

4to.     London  1891 ;  Hourly  Means  of  Beadings  at  the  Four 

Observatories   of  the  Meteorological  Council.      1887.      4to. 

London  1891 ;  Observations  at  Stations  of  the  Second  Order. 

1887.     4to.     London  1891.     Cyclone  Tracks  in   the  South 

Indian  Ocean.     Obi.  4to.    London  1891. 

The  Office. 
Nautical  Almanac  Office.     The  Nautical  Almanac  for  1895.     8vo. 

London  1891.  The  Office. 

Madrid : — Observatorio.     Besumen  de  las  Observaciones  Meteoro* 

Idgicas.    1887-88.    8vo.    Madrid  1890-91. 

The  Observatory. 
Marseilles : — Commission    de    M^t^orologie   du  D^partement  des 

Bouche8-dD-Bh6ne.      Bulletin  Annuel.     Ann^e  1890.      4to. 

Marseille  1891.  The  Commission. 

Melbourne: — ^Mining   Department.     Beports  and   Statistics    for 

the  Quarters  ended  31st  March  and  .SOth  June,  1891.     Folio. 

Melbourne,  The  Department. 

Observatory.     Monthly  Becord.     October  to  December,  1890. 

Januai'y  to  June,  1891.     8vo.    Melbourne, 

The  Observatory. 
Mexico : — Observatorio  Meteorol6gieo-Magn6tico  Central.    Bole  tin 

Mensual.    Tomo  III.    Ndm.  1-2.    4to.    Mexico  1890. 

The  Observatory. 
Montevideo: — Observatorio  Meteoroldgico  del    Collegio    Pio    de 

Villa  Colon.      Boletin  Mensual.       1891.      Nos.  4-6.      8vo. 

Montevideo,  The  Observatory. 

Mount  Hamilton: — Lick  Observatory.     Beports  on  the  Observa- 
tions of  the  Total  Eclipse  of  the  Sun,  December  21-22,  1889, 

and  of  the  Total  Eclipse  of  the  Moon,  July  22,  1888.     8vo. 

Sacramento  1891.  The  Observatory. 

Munich : — K.  Stemwarte  in  Bogenhausen.  Neue  Annalen.  Bd.  II. 

4to.    Munchen  1891.  The  Observatory. 

New  Haven,  Conn.: — Yale  University  Observatory.      Beport  for 

1890-91.    8vo.     [New  Haven.']  The  Observatory. 

New  South  Wales  : — Fisheries  Department.   Beport.    1890.  Folio. 

Sydney  1891.  The  Department. 

Geological  Survey  of  New  South  Wales.    Memoirs.    Pale^ntA- 
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logy,  No.  5.  Part  1.  Coelenterata.  4to.  Sydney  1891; 
Records.     Vol.  II.     Part  3.    4to.     Sydney  1891. 

The  Survey. 
New  Zealand  : — Colonial  Mnsenm  and  Geological  Survey.    Twenty- 
fifth  Annual  Report.     8vo.     New  Zealand  1891. 

The  Survey. 

Department  of  Mines.     Reports  on  the  Mining  Industry  of  New 

Zealand.     Folio.     Wellington  1891.  The  Department. 

Oxford: — University     Observatory.       Sixteenth   Annual    Report. 

[MS.]     Folio.     1891.  Prof.  Pritchard,  F.R.S. 

Paris : — Bureau   Central    M6t6orologique    de    France.      Annales. 

1889.  4to.     Pam  1891.  The  Bureau. 
Bureau  des Longitudes.     Annuaire.    1891.    12mo.    Paris;  Con- 

naissance  des  Temps  pour  I'An  1893.  8vo.  Paris  1891 ; 
Connaissance  des  Temps.  Extrait  k  rUsage  des  £coles 
d'Hydrographie  et  des  Marins  du  Commerce,  pour  I'An  1892. 
8vo.  Paris  1890 ;  £phem6rides  des  £toiles  de  Culmination 
Lunaire  et  de  Longitude  pour  1891.     4to.     Paris  1890. 

The  Bureau. 
Comite  International  des  Poids  et  Mesures.     Proces-Verbaux. 

1890.  8vo.  Paris  1891 ;  Quatorzi^me  Rapport  aux  Gt>uveme- 
ments  Signataires  de  la  Convention  du  Metre  sui*  TExercice  de 
1890.     4to.     FaHs  1891.  The  Comity. 

Observatoire.      Catalogue.     Tome  II.     VP  a  Xll\     (2  Parts.) 

4to.     Paris  1891.  The  Observatory. 

Pennsylvania: — Second  Geological  Survey.      Atlases  and  Report 

of  Progress.     1889,  1891.     8vo.     Harrishurg. 

The  Survey. 
Prague: — K.K.    Sternwarte.      Magnetische    und    Meteorologische 

Beobachtuugen.     1890.     4to.     Prag  1891. 

The  Observatory. 
St.  Louis : — Academy  of  Science.     The  Total  Eclipse  of  the  Sun, 

Jan.   1,    1889.      Report  of    Washington    University   Eclipse 

Party.     4to.     Cambridge  1891.  The  Academy. 

St.  Petersburg: — Physikalisches  Central- Observatorium.    Annalen. 

1890.     Theil  1.     4to.     St.  Petersburg  1891. 

The  Observatory. 
Spain: — Comision    del    Mapa   Geologico   de   Espana.      Memorias. 

Provincia  de  Soria.     8vo.     Madrid  1890.  The  Survey. 

Stonyhurst    College     Observatory : — Results    of    Meteorological, 

Magnetical,  and  Solar    Observations.      1889.      Svo.      Market 

Weighton  1890.  The  Observatory. 

Sydney : — Department   of   Mines,   New    South    Wales.      Annual 

Report.     1890.     8vo.     Sydney  1891.  The  Department. 
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Observatory.  Meteorological  Observations.  January  to  Jnne, 
1891.  8vo.  Sydney;  Photographs  of  the  Milky- Way  and 
Nabeculffi  taken  at  Sydney  Observatory,  1890.  4to.  [Sydney 
1891]  ;  Besalts  of  Doable  Star  Measures.     8vo.     Sydney  1891. 

The  Observatory. 

Trieste : — Osservatorio  Marittimo.    Bapporto  Annnale.    1888.    4to. 

Trieste  1891.  The  Observatory. 

United  States  Gk>vemnient.     Report  on  Cholera  in  Europe  and 

India.     4to.     Washington  1890.  U.S.  Gk>vemment. 

U.S.  Coast  and  Geodetic   Survey.     Balletin.     Nos.  22-24.     4to. 

Washington  1891 ;  Report.     1889.     4to.     Washington  1890. 

The  Survey. 
U.S.    Department    of    Agriculture.       Report.       1889-90.      8vo. 
Washington;    Special  Report  of  Chief  of  Weather   Bureau. 
1891.    8vo.     Washington.  The  Department. 

U.S.  Fish  Commission.  Bulletin.  Vol.  IX.  Nos.  1-14,  17-18. 
8vo.     Washington  1891.  The  Commission. 

U.S.  Naval  Observatory.  Observations.  1886.  4to.  Washing* 
ton  1891 ;  American  Ephemeris  and  Nautical  Almanac  for 
1894.     870.     Washington  1891.  The  Observatory. 

U.S.  Patent  Office.  Official  Gazette.  Vol.  LV.  Nos.  11-13. 
Vol.  LVI.  Nos.  1-13.  Vol.  LVn.  Nos.  1-10.  8vo. 
Washington  1891.  The  Office. 

U.S.  Signal  .Office.  Report.  1890.  8vo.  Washington;  Normal 
Temperature  Charts  by  Decades.  Atlas  folio.  Washi^ngton 
1891 ;  Charts  showing  the  Average  Monthly  Cloudiness  in  the 
United  States.  1891.  Folio.  [Washington'];  Charts  show- 
ing the  "  Probability  of  Rainy  Days,"  prepared  from  Obser- 
vations for  Eighteen  Years.  Folio.  [Washington']  1891 
Bibliography  of  Meteorology.  Part  4.  4to.  Washington 
1891 ;  Charts  showing  the  Isobars,  Isotherms,  and  Winds  in 
the  United  States  for  each  month  from  January,  1871,  to 
December,  1873.     4to.      Washington  1891.  The  Office. 

Vienna: — K.K.   Central- Anstalt  fiir   Meteorologie   und   Erdmag- 
netismus.     Jahrbiicher.     Bd.  XXVI.     4to.     Wien  1890. 

The  Institution. 
Vizagapatam : — G.  V.  Juggarow  Observatory.     Results  of  Meteoro- 
logical Observations,  1890.     8vo.     Calcutta  1891. 

The  Observatory. 


Baculo  (B.)  Centri  Termici  e  Centri  Vasomotori  in  ordine  alia 
Termodinamica  regolarizzatrice.  2a  Edizione.  8vo.  Napoli 
1891.  Tho  Author . 
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Ball  (Sir  E.  S.),  F.E.S.     The  Theory  of  Permanent  Screwe;  Ninth 

Memoir.     4to.     Dublin  1891.  The  Author. 

Bemier  (F.)     Travels  in  the  Mogal  Empire  (Constable's  Oriental 

Miscellany.    Vol.  I).     Svo.    London  1891.        Mr.  A.  Constable. 
Bigonrdan  (G.)     Histoire  de  TAstronomie  k  Toaloase.     4to.     Paris 

1883.     (With  three  other  Excerpts  in  4to.)  The  Author. 

Blanford  (W.  T.),  F.R.S.      The  Fanna  of  British  India,  including 

Ceylon  and  Burma.     Part  2.     8vo.     London  1891. 

The  Author. 
Breuer    (A.)       'Dbersichtliche     Darstellung     der     Mathematischen 

Theorien  iiber  die  Dispersion  des  Lichtes.     8vo.      Erfurt  1891. 

The  Author. 
Burnett  (S.  M.)     Refraction  in  the  Principal  Meridians  of  a  Triaxial 

Ellipsoid.     8vo.     New  Ycxrk  1883.  The  Author. 
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January  28, 1892. 

Mr.  JOHN  EVANS,  D.C.L.,  LL.D.,  Ti-easurer,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 

I.  "On  the  Melting  Points  of  the  Gold'Alumiiiiuin  Series  of 
Alloys."  By  W.  C.  Roberts-Austen,  C.B.,  F.R.S.  Re- 
ceived January  25,  1892. 

The  author  has  already  described  and  exhibited  to  the  Society  a 
new  alloy  of  gold  and  aluminium,  Au Ala,  which  is  remarkable  for  its 
intense  purple  colour. 

The  physical  constants  of  the  gold-aluminium  alloys  are  being 
determined  and  the  results  will  soon  be  ready  for  publication,  but  the 
series  has  been  found  to  have  one  interesting  peculiarity  which 
deserves  special  mention.  The  author  has  shown  ('Roy.  Soc.  Proc.,' 
vol.  49, 1891,  p.  347)  that  the  addition  of  0*2  per  cent,  of  aluminium  to 
gold  produces  an  appreciable  fall  in  the  freezing  point,  an  addition  of 
04  per  cent,  causing  a  fall  of  1428°,  or  an  "  atomic  fall  *'  of  50°  0. 

These  facts  indicated  that  it  was  desirable  to  ascertain  what  are 
the  melting  points  of  the  gold-aluminium  series  of  alloys  generally, 
and  this  has  now  been  done  with  the  aid  of  the  Le  Chatelier  thermo- 
couple used  in  the  way  which  was  previously  described  (JLoc,  cH.), 

The  results  show  that,  although  a  white  alloy,  containing  10  per 
oent.  of  aluminium,  has  a  melting  point  which  is  no  less  than  417^ 
lower  than  that  of  gold ;  the  purple  alloy,  on  the  ofcher  hand,  melts 
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at  a  point  which  has  yet  to  be  definitely  fixed,  bnt  whibh  is  eerenl 
degrees  above  gold.*  In  fact,  when  workmen  who  are  accustomed  to 
melt  gold  on  a  large  scale,  attempt  to  melt  this  pnrple  substance,  thej 
find  it  difficult  to  believe  that  they  are  dealing  with  a  gold  alloy,  as 
it  is  so  infusible. 

The  melting  points  of  the  rest  of  the  series  richer  in  alnminium 
appear  to  fall  continaonsly  to  660"*,  a  little  below  the  melting  point  of 
alamininm  (665*  C). 

The  pnrple  alloy  presents  the  only  case,  known  to  the  anthoTy  of  an 
alloy,  free  from  mercury,  having  a  higher  melting  point  than  that  of 
the  least  fusible  of  its  constituents,  and  he  considers  that  this  fact 
afPbrds  strong  evidence  of  its  being  a  true  compound  of  gold  and 
aluminium. 

It  is  generally  admitted  that  there  are  true  compounds  in  the 
copper-tin  series,  for  SnCut  and  SnCu«  seem  to  be  well  defined,  bat 
their  melting  points  are  much  lower  than  that  of  copper. 

A.  P.  Laurie  has  just  shown  ('  Phil.  Mag.,'  January,  1892)  that  in 
the  g^ld-tin  series,  the  alloy  contaioing  63  per  cent,  of  gold  and 
37  per  cent,  of  tin  has  an  electromotive  force  which  distinguishes  it 
from  the  rest  of  the  series  and  points  conclusively  to  its  being  a  tme 
compound,  but  the  author  finds  that  it  melts  readily  below  redness. 

The  melting  points  of  ordinary  chemical  compounds  are  often 
much  higher  than  the  melting  point  of  the  least  fusible  constituent. 
Oalena^  for  instance,  melts  at  a  strong  red  heat ;  it  is  difficult  to  fix 
the  point  accurately  as  tho  substance  volatilizes,  but  it  is  close  to 
900°  C.  Its  constituents,  lead  and  sulphur,  melt  at  335°  and  115° 
respectively.  Stibnite  also,  sulphide  of  antimony,  melts  at  about 
530°,  according  to  Dr.  Joly,  while  antimony  fuses  at  440°. 

The  gold-aluminium  series  is  of  unusual  iuterost,  and  well  deserves 
careful  attention. 


•  [Two  very  careful  experiments  were  mude,  each  witli  40  grammes  of  the 
alloy,  the  cooling  curre  being  traced  by  tho  autographic  recorder  alreadr 
described  (*  Roy.  Soc.  Proc.,*  loc.  cit.).  These  curves  gare  1065°  and  1070**  respec- 
tiyely  as  the  melting  point  of  the  alloy  AuAlj,  the  mean  of  which  is  32'5**  higlier 
than  the  melting  point  of  gold.  If,  howerer,  small  quantities  of  the  alloy  be  fused 
before  the  oxy-hydrogen  blowpipe,  it  is  easy  to  obtain  a  lower  result,  as  aluminium 
is  readily  burnt  out  from  the  little  mass.  Tlie  composition  of  the  alloy  is  thereby 
changed  to  one  of  the  series  richer  in  gold,  of  which  the  melting  points  are  lower 
AbAH  that  of  gold.— Feb.  9, 1892.;] 
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IL  **  Colour  Photometry.  Part  III."  By  Captain  W.  de  W. 
Abney,  C.B.,  R.E.,  D.C.L.,  F.R.S.,  and  Major-General 
Festing,  R.E.,  F.R.S.    Received  December  14,  1891. 

(Abstract.) 

The  aathors  refer  to  their  paper  on  Colour-Photometry  (Bakerian 
liectore,  1886),  in  which  a  method  was  given  of  forming  a  curve  of 
luminosity  of  the  spectrum,  the  source  of  light  being  the  crater  of  the 
pofiitiye  pole  of  an  electric  arc  lamp. 

They  point  out  that  in  making  the  observations  for  forming  this 
curve  no  attention  was  paid  to  the  part  of  the  retina  of  the  eye  which 
was  used,  and  which  embraced  the  '*  yellow  spot "  and  some  of  the 
Burronnding  portion. 

In  their  further  researches  this  point  came  to  be  of  importance, 
and  they  describe  how,  by  modifications  of  the  apparatus  and  of  the 
methods  of  observing,  they  were  able  to  use  either  the  yellow  spot  or 
portions  outside  it,  and  they  give  the  results  of  the  observations, 
showing  how  the  curves  become  modified  in  each  case. 

The  absorption  by  the  yellow  spot  takes  place  in  all  rays  more 
refrangible  than  E  ;  but  to  the  less  refrangible  rays  the  outer  part  of 
the  retina  is  less  sensitive  than  the  central  part. 

The  Limit  of  Colour  Vision. — It  is  well  known  that  when  light  of 
any  colour  becomes  enfeebled  to  a  certain  degree,  the  eye  £Bkils  to  see 
colour,  though  it  may  still  recognise  the  existence  of  light.  Observa- 
tions were  made  to  determine  the  point  at  which,  for  each  part  of  the 
spectrum,  the  sensation  of  colour  is  lost.  The  same  apparatus  as 
before  was  used  for  forming  the  spectrum  and  the  **  reference  "  beam 
of  white  light,  and  a  supplementary  apparatus  was  devised  for  reduc- 
ing the  beam  of  light  and  for  measuring  the  amount  of  reduction. 
Each  coloured  beam  was  reduced  until,  in  comparison  with  a  feeble 
white  beam,  it  appeared  colourless.  The  amount  of  reduction  in 
each  case  being  measured,  a  curve  was  plotted  showing  the  propor- 
tional reduction  in  part  of  the  spectrum.  The  absolute  intensity  of 
the  beam  ^m  D  having  been  measured  by  comparison  with  an  amyl 
acetate  lamp,  that  of  each  other  part  of  the  spectrum  was  calculated 
by  aid  of  the  luminosity  curve  above  referred  to.  It  then  became 
possible  to  plot  a  curve  which  shows  the  intensity  of  the  original 
source  at  which,  in  each  part  of  the  spectrum,  colour  first  becomes 
visible. 

The  portion  of  the  spectrum  in  which  colour  is  visible  from  the 
feeblest  source  is  between  about  X  500  and  \  615.  This  accounts  for 
the  fact  that  in  a  feeble  light,  such  as  that  of  the  moon,  objects  appear 
to  be  of  a  greenish  hue,  and  also  that  moonlight  passing  through 
c(doured  windows  does  not  give  a  coloured  ima^  m  Ta.Q«kV»  cida^%. 
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Extinction  of  the  Light  of  different  Parts  of  the  Spectrum. — k  M 
description  is  given  of  the  apparatus  nsed  and  of  the  method  of 
observation  for  determining  how  much  the  light  of  each  part  of  the 
spectmm  mnst  be  reduced  in  order  that  it  may  be  extingnislied. 
Observations  were  made  (1)  with  the  central  part  of  the  eje  only 
and  (2)  with  the  whole  eye. 

From  these  observations  curves  were  plotted,  showing  the  propw- 
tion  of  the  beam  from  each  part  of  the  spectrum  which  was  just  not 
visible.     These  are  called  extinction  curves.    They  differ  only  in  thai 
part  of  the  spectrum  where  the  yellow  spot  absorption  takes  place. 
The  minimum  ordinate  is  at  about  \  5300,  and  represents  65/10^,  that 
being  the  proportion  to  which  the  beam  had  been  reduced  at  extinc- 
tion,  the  intensity  of  the  unreduced  beam   from   O   in  the  same 
spectrum  being  that  of  an  amjl  acetate  lamp  at  6  feet.   The  intensity 
of  other  beams  of  the  spectrum  was  calculated  from  this  by  the  aid 
of  the  luminosity  curve  as  before.     A  curve  was  then  derived  from 
each  of  the  extinction  curves  by  taking  as  ordinates  the  product  of 
such  ordinate  of  an  extinction  curve  and  the  luminosity  of  the  coire- 
spending  beam;  these  derived  curves  then  represent  (on  thesuppositicm 
that  all  the  beams  were  originally  of  the  same  luminosity  as  D),  the 
proportion,  and  therefore  the  absolute  intensity^  of  any  beam  which 
would  be  just  not  visible.     These  two  curves  differ  slightly  at  the 
part  affected  by  the  yellow  spot,  but  that  for  the  whole  eye  is  hori- 
zontal from  the  extreme  violet  end  to  about  \  4800 ;  it  then  rises  rapidly 
to  V  6840,  and  again  becomes  horizontal.     This  seems  to  confirm  the 
view  that  a  single  sensation  only  is  excited  by  each  of  the  ends  of  the 
spectmm. 

The  reciprocals  of  the  ordinates  of  either  of  the  first  two  extinc- 
tion curves  being  taken,  what  is  called  a  "persistency"  curve  is 
formed.  The  curve  for  the  whole  eye  and  that  for  the  central 
portion  are  given.  It  is  reasonable  to  expect  that  the  "  persistency  '* 
curve  should  have  relation  to  some  colour  sensation  of  the  eye,  which 
may  perhaps  be  looked  upon  as  the  dominant  sensation,  as  it  is  ex- 
cited by  the  smallest  quantities  of  light. 

An  examination  with  the  results  of  observations  made  by  colour- 
blind people  is  then  entei^ed  on. 

A  gentleman,  M.,  made  a  series  of  observations.  He  has  two  colour 
sensations  only,  which  he  calls  "  red "  and  "  black."  Yellow  he 
describes  as  "  white,**  green  as  "  bright  black,**  blue  as  "  darker 
black.'*  His  luminosity  curve  has  been  plotted  on  such  a  scale  that 
the  red  portion  corresponds  with  that  of  the  normal  curve.  The  rest, 
however,  falls  below  this,  and  it  leaves  off  a  little  beyond  F.  The 
curve  formed  by  the  differences  of  his  and  the  normal  ordinates  may 
be  considered  to  be  M.'s  deficiency  curve. 

Two  brothers,  P.  and  Q.,  were  a\»o  ^xaTsmi^d.    They  have  the  same 
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TisioDy  which  is  monochromatic.  Their  luminosity  carve,  M.'s  defi- 
ciency curve,  and  the  normal  persistency  curve  correspond  very 
nearly  except  in  the  part  affected  by  the  yellow  spot.  It  therefore 
appears  as  if  P.  and  Q.  had  only  the  sensation  which  is  looked  upon  as 
the  dominant  sensation  in  the  normal  eye,  and  of  which  M.'s  eye  is 
devoid,  and  that  P.'s  and  M.'s  eyes  together  would  make  up  a  normal 
eye. 

The  results  are  also  ^ven  of  the  examination  of  the  vision  of  a  red- 
blind  (H.  R.)  and  of  a  green-blind  person  (V.  H.).  Their  "  persis- 
tency" curves,  as  well  as  that  of  P.,  nearly  correspond  generally 
with  each  other  and  with  that  of  normal  vision.  The  *' absolute 
intensity "  extinction  curves  of  H.  R.  and  V.  H.  also  do  not  differ 
notably  from  the  normal ;  but  in  P.'s  case  the  ordinates  are  larger, 
from  which  it  may  be  inferred  that  his  sense  of  vision  is  less  acute. 

Assuming  blue,  green,  and  red  to  be  the  three  primary  sensations, 
P.'s  and  Q.'s  luminosity  curve  or  M.'s  deficiency  curve  would  represent 
the  first,  and  Y.  H.'s  deficiency  curve  the  second,  but  H.  R.'s  defi- 
ciency curve  would  not  quite  represent  the  third,  as  he  is  not  entirely 
devoid  of  appreciation  of  red. 

I/uminosUy  Curve  of  Spectrum  of  Low  Intensity. — The  normal  per- 
sistency curve  being  apparently  the.  same  as  the  luminosity  curve 
of  persons  with  but  one  colour  sensation,  experiments  were  made 
to  determine  what  would  be  the  luminosity  to  the  normal  eye 
of  the  different  parts  of  a  spectrum  of  a  very  low  intensity.  A 
spectrum  was  formed  of  which  the  beam  from  D  was  equal  in  inten- 
sity to  1/132*5  of  an  amyl  acetate  lamp  at  1  foot.  The  luminosity 
carve  of  this  was  found  to  correspond  very  nearly  to  that  of  P.,  and 
to  the  normal  persistency  curve.  By  reducing  the  light  in  less 
degrees,  luminosity  curves  were  produced  corresponding  to  those  of 
persons  more  or  less  red-blind. 

Experiments  were  then  made  to  ascertain  whether  this  change  in 
the  relative  luminosities  of  the  different  rays  would  continue  to  vary 
-with  constantly  increasing  intensity  of  the  light,  or  whether  a  point 
would  be  reached  after  which  the  curve,  when  it  had  the  same 
maximum  ordinate,  would  be  constant. 

A  beam  being  taken  from  one  point  in  the  spectrum,  it  was  com- 
pared with  the  reference  (white)  beam.  Rotating  sectors  were 
placed  in  both  beams,  and  equality  of  luminosity  thereby  produced. 
The  aperture  of  one  set  of  sectors  being  varied,  the  alteration  of  the 
other  which  was  necessary  to  re-establish  the  equality  of  illumination 
in  each  case  was  noted.  Curves  were  then  plotted  for  several  rays, 
of  which  the  ordinates  represent  the  apertures  in  the  coloured  beams 
and  the  abscisssB  those  in  the  white  beam  when  the  illumination  is 
equal.  Clearly,  if  these  curves  ever  became  straight  lines  for  all 
parts  of  the  spectrum,  the  luminosity  curve  ^ou\d  V^eooxti^  q^t^\36^« 
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This  was  found  to  be  the  case.  The  cnrve  of  the  beam  from  scale 
No.  46*3  of  the  spectrum  (about  X5613)  was  found  to  be  straif^lt 
from  the  origin.  Those  of  beams  of  greater  refrangibilitj  were  at 
first  concave  to  the  axis  of  abscisssB,  those  of  less  refrangibilitj 
convex ;  but  all  had  become  straight  before  an  intensity  of  1/60  of  an 
amjl  acetate  lamp  at  1  foot  had  been  reached. 


III.  "  On  certain  Ternary  Alloys.  Part  V.  Determination  of 
various  Critical  Curves,  and  theii*  Tie-lines  and  Limiting 
Points."  By  C.  R.  Alder  Wright,  D.Sc,  F.R.S.,  Lecturer 
on  Chemistry  and  Physics  in  St.  Mary's  Hospital  Medical 
School.     Received  November  19,  1891. 

The  triangular  method  of  graphical  representation  sngg^ted  by  Sir 
G.  G.  Stokes,  and  described  in  Part  IV  (*  Roy.  Soc.  Proc.,'  vol.  49, 
p.  174),  sabstantially  amounts  to  the  tracing  ont  of  a  curve  (''  critical 
curve  ")  which  shall  express  the  saturation  of  the  solvent  C  with  a 
mixture  in  given  variable  proportions  of  the  other  two  constituents, 
A,  B ;  the  variation  being  such  that  any  given  point  on  the  curve 
is  related  to  some  other  point  ("conjugate  point")  in  a  way  gpiven 
by  the  consideration  that  all  mixtures  of  the  three  constituents, 
A,  B,  C,  represented  by  points  lying  on  the  line  ("tie- line*')  joining 
these  two  conjugate  points  ("  ideal  "  alloys,  or  mixtures),  will  sepat^te 
into  two  different  ternary  mixtures  corresponding  with  the  two  points 
respectively;  whereas  any  mixture  of  the  same  constituents,  repre- 
sented by  a  point  lying  outside  the  critical  curve,  will  form  a  *'  real  " 
alloy,  or  mixture,  not  separating  spontaneously  into  two  different 
fluids   but  existing  as  a  stable  homogeneous  whole. 

The  experiments  described  in  Part  IV  unmistakably  point  to  the 
conclusion  that  ivhenever  sufficiently  intiTnate  and  prolonged  intermix^ 
ture  of  the  three  constituents  can  he  effected^  there  is  no  variation  what- 
ever in  the  position  of  the  point  experimentally  determined  as 
conjugate  to  some  other  given  point  on  the  curve,  no  matter  what 
may  be  the  proportions  subsisting  between  the  three  constituents 
employed ;  but  that  when  metals  are  used,  the  pi'actical  diflSculty  in 
effecting  thorough  intermixture  by  stirring  when  molten  is  occasion- 
ally so  great  as  to  lead  to  slight,  but  sensible,  differences  in  the 
composition  of  the  ternary  alloys  formed  simultaneously  with  some 
one  given  alloy  approximately  conjugate  thereto,  in  different  cases 
where  the  relative  proportions  of  the  constituenls  are  materially 
different. 

A  large  number  of  additional  experiments  on  this  point  have  been 
made,  the  general  result  of  which  \^  coixv^letely  to  corroborate  and 
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con&rxn  these  conolasions ;  when  the  proportions  of  the  constitnents 
are  such  that  approximately  equal  quantities  of  the  two  different 
ternary  alloys  are  formed,  the  error  dne  to  incomplete  intermixture 
is  generally  a  minimum;  this  obviously  happens  when  the  oon- 
atituents  are  used  in  such  proportions  as  to  represent  an  ''ideal*' 
alloy  corresponding  approximately  with  the  central  point  of  the  tie- 
line  uniting  the  two  conjugate  points.  When,  however,  the  propor- 
tions of  the  constituents  differ  materially  from  these,  representing  an 
*'  ideal "  alloy  considerably  nearer  to  one  conjugate  point  than  to  the 
other,  so  that  one  of  the  two  ternary  alloys  is  formed  in  much  larger 
quantity  than  the  other,  the  effect  of  incomplete  intermixture  becomes 
more  marked,  more  especially  when  the  heavier  of  the  two  alloys 
largely  preponderates. 

In  cases  where  the  critical  curve  is  approximately  symmetrical 
with  respect  to  the  central  line  of  the  triangle  drawn  from  its  apex 
perpendicular  to  the  base,  so  that  the  ''  limiting  point "  lies  near  to 
the  apex,  the  minimum  error  due  to  incomplete  intermixture  is 
accordingly  observed  when  the  two  immiscible  metals.  A,  B,  axe  used 
in  approximately  equal  quantities  throughout.  If,  on  the  other  hand, 
the  critical  curve  is  unsym metrical,  in  order  to  minimise  the  error 
due  to  imperfect  intermixture  (more  especially  as  regards  those  parts 
of  the  curve  where  the  proportion  of  the  "  solvent,''  C,  is  greatest), 
the  other  two  metals.  A,  B  must  not  be  used  in  equal  quantity,  but 
the  one  or  the  other  must  be  in  excess  according  as  the  ''  limiting 
point"  lies  on  the  right  or  the  left-hand  side  of  the  central  line. 
Thus,  as  shown  below,  in  the  case  of  mixtures  of  chloroform,  acetic 
acid,  and  water,  the  limiting  point  lies  considerably  to  the  left 
(chloroform  side)  of  the  central  line ;  similarly  with  mixtures  of  lead, 
silver,  and  zinc,  the  limiting  point  is  also  considerably  to  the  left 
(lead  side)  of  the  central  line.  In  sach  cases  the  heavier  of  the  two 
immiscible  constituents,  A,  B  (chloroform,  lead)  must  be  made  to  pre- 
dominate considerably  over  the  lighter  one  (water,  zinc),  in  order  that 
approximately  equal  quantities  of  the  two  ternary  mixtures  may  be 
'formed.  On  the  other  hand,  with  mixtures  of  lead  (or  bismuth),  tin, 
and  zinc,  the  limiting  point  lies  sensibly  to  the  right  of  the  central  line 
(zinc  side)  ;  so  that  to  determine  as  accurately  as  possible  the  positions 
of  the  conjugate  points  situated  towards  the  limiting  point,  zinc  must 
be  made  to  predominate  over  lead  (or  bismuth)  in  the  mixtures 
employed. 

The  effect  of  this  in  practice  is  that  in  order  to  trace  out  the 
critical  curve  for  a  given  trio  of  metals  the  most  expeditious  way  is  to 
begin  by  preparing  two  or  three  mixtures  with  small  quantities  of 
solvent  G  and  approximately  equal  quantities  of  A  and  B ;  from  the 
results  obtained  with  these  mixtures,  represented  graphically  on 
Stokes'  triangular  system,  a  fair  idea  can  genet^Vy  \^^  Ic^ti&fi^  %»^  \i^ 
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what  mnst  be  the  proportion  between  A  and  B,  in  order  to  yield  with 
a  somewhat  larger  quantity  of  C  an  '^  ideal  '*  alloy  that  will  sepanfce 
into  approximately  equal  quantities  of  the  two  ternary  alloys  fonned 
therefrom.  Similarly,  from  these  farther  results,  the  proporiioiu 
requisite  for  the  accurate  determination  of  other  pairs  of  oonjngate 
points  higher  up  still  can  be  inferred ;  and  so  on.  In  this  way  tbe 
critical  curve  is  gradually  traced  out  with  a  much  smaller  proportion 
of  wasted  labour  (owing  to  imperfect  formation  of  truly  conjugate 
ternary  alloys)  than  would  otherwise  be  the  case.  This  method  of 
procedure  has  accordingly  been  adopted  in  the  investigation  of 
various  critical  curves  of  the  kind  which  will  be  discussed  in  a  future 
paper. 

These  considerations  obviously  suggest  the  possibility  that,  in 
certain  cases  at  any  rate,  the  mean  curve  values  deduced  in  tbe 
earlier  parts  of  this  research  may  require  some  little  degree  of 
revision,  inasmuch  as  some  of  the  pairs  of  alloys  simnltaneouslj 
formed  were  derived  from  mixtures  yielding  one  alloy  in  much 
larger  quantity  than  the  other ;  so  that  some  small  amount  of  experi- 
mental error,  due  to  imperfect  formation  of  truly  conjugate  alloys, 
might  exist.  Accordingly,  a  considerable  ni;imber  of  the  experiments 
that  might  possibly  be  faulty  from  this  cause  have  been  repeated, 
using  proportions  of  A  and  B  better  suited  to  the  end  in  view,  viz., 
formation  of  the  two  ternary  alloys  produced  in  not  widely  different 
quantities  relatively  to  one  another.  Further,  a  variety  of  additional 
experiments  have  been  made  with  the  object  of  deducing  the  situa- 
tions of  pairs  of  conjugate  points  lying  nearer  to  the  limiting  points 
than  those  previously  determined.  These  further  experiments,  how- 
ever, have  demonstrated  the  existence  of  two  other  sources  of  error, 
not  noticeable  to  so  great  an  extent  at  the  other  parts  of  the  critical 
curve. 

In  the  first  place,  when  an  "  ideal  "  alloy  is  used  corresponding 
with  a  pair  of  conjugate  points  lying  near  to  the  limiting  point,  the 
two  alloys  formed  differ  far  less  widely  in  composition  than  is  the 
case  with  other  pairs  more  removed  from  the  limiting  point ;  conse- 
quently, the  densities  of  the  two  alloys  do  not  greatly  differ,  which 
circumstance  appears  greatly  to  impede  their  complete  separation 
from  one  another  by  gravitation  whilst  standing  at  rest  molten. 
Secondly,  such  "  ideal  "  alloys  appear  to  be  extremely  sensitive  to 
slight  diffei'ences  of  temperature,  at  least  as  compared  with  mixtui*es 
not  so  near  the  limiting  point ;  so  that  whilst  a  difference  of  10^,  20', 
or  even  50**  C.  makes  but  little  difference  in  the  compositions  of  tbe 
two  ternary  alloys  foi-med  from  a  given  **  ideal  "  alloy  not  near  the 
limiting  point,  it  produces  a  marked  effect  on  an  '"  ideal  **  alloy  near 
to  that  point ;  in  some  cases,  indeed,  a  rise  of  a  few  degrees  in 
temperature  will  suffice  to  traivEioTTCL  ^.tl  "  ideal "  alloy  separating  into 


1892.]  On  certain  7ei*nari/  Alloys.  375 

two  iemary  alloys  considerably  different  from  one  another  into  a 
"  real  *'  alloy  not  separating  at  all,  but  remaining  perfectly  homo- 
geneous at  this  slightly  higher  temperature.  Leaving  out  of  sight 
the  practical  impossibility  of  maintaining  a  lead-bath  at  600° — 800°  C. 
at  an  absolutely  constant  temperature  (within,  say,  + 10°)  for  eight 
or  ten  hours  together,  the  lowering  of  the  temperature  taking  place 
on  remoying  the  clay  test-tube  from  the  lead-bath  sometimes  appears 
to  cause  a  measurable  amount  of  separation  of  a  difiEerent  heavier  alloy 
from  the  lighter  one  formed  in  the  bath,  and  vice  versa ^  during  the 
short  time  that  elapses  before  the  compound  mass  becomes  solid.  So 
that,  in  fine,  duplicate  experiments  with  "ideal"  mixtures  situated 
near  to  the  limiting  point  are  apt  to  yield  discordant  results  owing 
to  one  or  other  of  these  causes,  or  to  the  two  combined;  and  in 
consequence  the  direct  determination  of  the  exact  position  of  the 
limiting  point  is  impracticable,  although  of  course  its  situation  can 
be  approximately  deduced  from  the  graphical  representation  of  the 
results  on  the  triangular  system.  Still  nearer  approximations  can  be 
obtained  by  the  use  of  other  methods  kindly  suggested  by  Sir  G.  G. 
Stokes,  and  more  fully  described  below. 

The  present  paper  deals  with  the  results  of  the  further  experiments 
made,  as  above  stated,  with  the  mixtures  partly  described  in  the 
previous  four  Parts*  (lead-tin-zinc,  bismuth-tin-zinc,  lead-silver-zinc, 
bismuth-silver-zinc,  chloroform-acetic  acid-water),  for  the  purpose  of 
more  completely  determining  the  exact  positions  of  the  critical  curves 
for  certain  definite  temperatures,  and  the  systems  of  tie-lines  and  their 
limiting  points  pertaining  to  each  curve  respectively.  In  a  subse- 
quent paper  the  analogous  curves  will  be  described,  derived  from  the 
combinations  of  lead  or  bismuth  with  zinc  as  A,  B,  and  cadmium  or 
antimony  as  C,  and  with  various  analogous  ternary  mixtures  where 
aluminium  takes  the  place  of  zinc. 

Mixtures  of  Chloroform,  Water,  and  Acetic  Acid, 

The  experiments  described  in  Pcu^t  IV  were  continued,  using 
mixtures  containing  more  chloroform  than  water  (from  2  to  3  parts 
chloroform  to  1  of  water),  and  nearly,  but  not  quite,  enough  acetic 
acid  to  form  a  homogeneous  fluid,  the  composition  required  being 
arrived  at  by  adding  enough  acetic  acid  to  form  a  single  fluid,  and 
then  dropping  in  a  little  water  or  chloroform,  or  both,  until  separa- 
tion ensued.  With  mixtures  represented  by  points  lying  close  to  the 
limiting  point,  it  was  found  that  comparatively  slight  variations  in 
temperature  produced  marked  alterations  in  the  composition  of  the 
two  fluids  into  which   the   mixture  separated,   more   especially  as 

•  Part  I,  *  Eoy.  Soc.  Proc./  vol.  45,  p.  461 ;  Part  II,  yoI.  48,  p.  25  ;  Part  III, 
vol.  49,  p.  166  J  Part  IV,  yoL  49,  p.  174. 
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regards  tho  lighter  fluid;  thns  i!:l<  same  mixiure  yielded  the  fidlowug 
dgares,  acoordiDg  as  tho  tempi- :'iitare  at  which  the  nunini  miia- 
tftined  during  tho  puriod  of  aii^iLiitiou  and  staodiiig  lay  nnr^frW, 
16°,  or  — 4°  respectively  ;  whilst  at  tompei-atures  above  35°  a  siitg^ 
homogeneons  fluid  whs  formed^  not  separatiDg  at  all  until  the  toi^ 
ratnre  was  slightly  lowered.  ^^ 


Tem- 
perature, 

Heoricr  fluid. 

Lighter  fluid.            il 

Chloro- 
fonn. 

watop.  :  ^ 

CUoro- 

W«Un-. 

^ 

2tf> 
16" 

-4° 

55 '62 
66-19 
68-88 

9-00           ;u-7B 
0-56             yf25 
7-35             aa-77 

I      30-23 
26-10 

28 '00 

£1-89 
26  04 
26-76 

In  order  to  obtain  unnibers  as  nearly  as  posaible  oomiMrBfala  iriA 
one  another  and  with  those  |irevioaBly  described  in  Pari  IV  (d 
of  which  were  obtained  at  temperaturee  pretty  cIoh  to  18*)i 
the  mixtures  (-inployod  were  oxamined  at  temperatnna  aoraaiAit 
:ib(ive,  and  also  at  a  little  btilm.-  l^t",  in  such  fashion  that  the  avenge 
numbers  obtained  with  ciich  ujiKture  should  represent  the  mean  oom- 
{lositions  for  an  nvej^nge  lenipcr'iitui-e  sensibly  ^  18°.  The  followHig 
average  numbci's  were  thus  ohciineil  in  thrcr  MUch  rases :— 


lo'ro- 

W»tw. 

A.-flic     . 
add. 

a-33 
r.  ■20 

31 -U 
26  .lit 

2.1-28 

50-56 
40 -il 
47-87 

b'ig.  1  repii;seuts  these  valuos,  together  with  those  previously 
deseribed  in  Part  TV,  the  tie-lines  numbered  1  to  S  being  those  pre- 
viously described,  and  those  marked  0,  10,  and  11,  tho  above  three 
M'tsoE  avel'a^fe  viilues  respectiveiy.  The  liiiocfc  is  the  tie-line  nniting 
thi^  two  points  obtained  as  above -mentioned  with  one  mixture 
examined  at  —4°  C,  obviously  belonging  to  a  critical  curve  lying 
•mtidile  tbe  cnrve  for  18°.    The  point  P  indicates  a  mixture  of  cfaloro- 
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form  25  per  cent.,  water  2o  per  cent.,  and  acetic  acid  50  per  cent., 
not  oeparatuig  into  two  flaids  at  18°,  as  previously  described.  The 
point  marked  L  is  the  "  limiting  point,"  deduced  from  the  above 
figures  by  means  of  two  different  graphical  methods  sn^eeted  by 
Sir  G.  G.  Stokes. 

By  the  first  method,  the  percentages  of  chloroform,  water,  and 
icetic  acid  in  the  heavier  liquid  being  respectively  indicated  by  A,  B, 
ind  C,  and  those  in  the  lighter  liqnid  by  A',  B',  and  C,  the  values  of 
A— B  (positive  qnantitiea)  are  plotted  off  as  absciaste  to  the  right, 
and  those  of  A'— B'  (negative  quantities)  to  the  left  of  the  origin, 
the  valoesof  C— C  (positive)  being  nsed  as  ordinatea  for  the  first 
set  of  abadssn,  and  those  of  C— C  (negative)  for  the  second  set. 
Fig,  2,  curve  No.  1,  represents  the  plotting  thus  obtained ;  by  joining 
the  enda  of  the  two  portions  of  curve  thus  laid  down  by  the  dotted 
line  11,  11,  as  shown,  a  point,  a,  is  deduced  where  this  dotted  line  cuts 
the  base  line.  This  point,  o,  corresponds  with  the  "  limiting  point," 
where  the  lighter  and  heavier  alloys  merge  into  one;  when  the 
plotting  is  carefully  made  on  a  sufficiently  Wrge  &c»,\%,  ^Cbft  -^-^-t^siL  t^V 
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1  ia  found  to  correspond  with  the  valn«  A— B  =  25'9.  In  simikr 
fashion  tlie  valoes  of  C  +  C  are  plotted  oB  es  ordinates  to  each  of 
the  two  Bet«  of  afasouMe,  and  the  endB  of  the  two  portioiu  of  onire 
No.  2  thus  obtained  also  joined,  &a  shown  by  this  dotted  line,  A 
point,  6,  is  thuB  deduced  where  this  dotted  line  cuts  the  perpendicnUr 
to  the  base  at  the  point  a.  The  length  ah  thos  represents  the  ndoe 
of  C+C  for  the  point  a,  i.e.,  at  the  "  limiting  point,"  when  obvionslj 
C  ^  C  I  when  the  scale  is  sofficientlj  large  this  is  found  tocorrespond 
with  tlie  valne  of  C+C  =  835.  From  these  two  values  for  A— B 
and  C  +  G'  (=2G),  the  following  valnes  for  A,  B,  and  C  result: — 


C     =     C     =     H|?     =     41-75 
whence  A+B     =     100—41-75     =     58-25 
.      _      A+B+(A-B) 


5825 +  269 

= 

42-07 

5825-25-9 
2 

= 

1618 
lOO-W) 

B;  the  second  method.  A,  B,  G,  and  A  ,  B',  G',  hanng  tne  same 
meanings  as  before,  two  curves  are  plotted,  each  with  the  valaee  of 
fA—A.'~(B—B')Y  aa  absciaan,  oua  with,  the  values  of  A+A'  as 
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"dimtea,  the  other  with  those  of  B+B'.  Fig.  3  represents  the  two 
irvee  thns  obtained ;  by  prolonging  these,  as  shown  bj  the  dotted 
aea,  two  points  are  obtained,  c  and  d,  respectively  representing  the 
Joes  of  A+A'  and  B  +  B',  when  the  abscissa  becomes  0,  which 
■rresponds  with  the  position  of  the  "  limiting  point."  With  a  snffi- 
ently  large-scale  plotting,  the  points  c  and<I  are  fonnd  to  correspond 
spectively  with  the  ralnea  84'5  and  Zi'h  ;  and  as  at  the  "  limiting 
lint"  A  ^  A',  and  B  t^  B',  it  thence  resnlts  that — 


Si-.l 


42-25 


C     =     100- (A+B)      =     41-50 

10000 


The  average  values  for  the  "  limiting  point  "  deduced  from  the  two 
ethods  jointly  are  consequently — 

let  method. 

Chloroform 42-07 

Water 16-18 

Acetic  acid 41'75 

10000 


d  Method. 

BIe>D. 

42-26 

4216 

16-25 

16'21 

41-50 

41-63 
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It  IB  noteworihy  tliat  the  proportion  between  ehloeelDBUi  sad  water 
thns  dedaced  for  the  'Mimiting  point  **  is  dote  to  thairBqairad  for  tbe 
moleonlar  ratio  2CHCU  5HaO. 

GUoQlafced.  FoodL 

2CH0].. 2S90    =      72-64  4216    s      72-23 

5H,0 90*0    =:     27-36  16-21     =      27-77 


329-0  100-00  58-87  lOO-OO 

But  whether  this  is  merely  en  aoeidentel  ooineiden0e»  or  is  leslly  doe 
to  a  tendency  to  form  a  definite  hydrate  of  obloraCann  in  presoppu  of 
aoetio  aoid,  cannot  be  deeided  by  these  •■t'^"">f"^ff  alone.  Tho 
resnlts  with  alloys  sabseqnently  described  rather  soggest  that  it  it 
only  a  ooinoidenoe. 

• 

AUoyM  of  Lead^  ySm^  oad  Simc» 

In  Parts  I  and  II  seven  different  series  of  observations  sre  recorded, 
made  with  mixtures  of  lead,  tin,  and  sine,  at  temperatures  varying, 
from  about  565^  0.  up  to  near  800°,  and  containing  lead  and  sine  in 
ratios  varying  from  2 : 1  to  1 : 2.      On  plotting  these  different  series 

on  tbe  triangular  system,  it  is  evident  that  tbe  critical  curves  deduced 
from  those  experiments  where  the  temperature  did  not  exceed 
689 — 750°  are  substantially  identical,  whereas  that  derived  from 
experiments  at  a  higher  temperature,  750 — 850*  averaging  near  800", 
lies  perceptibly  inside  the  others.  Again,  but  b'ttle  discordance 
between  the  general  directions  and  degrees  of  slope  of  the  tie-lines 
is  noticed  in  any  of  the  series  at  temperatures  not  above  750°  where 
the  ratio  of  lead  to  zinc  was  1:1  or  1  : 2 ;  with  the  series  where  thiA 
ratio  was  2:1,  however,  the  upper  ties  do  not  closely  coincide 
with  those  derived  from  the  other  series,  but  (as  pointed  out 
by  Sir  G.  G.  Stokes,  Part  IV)  are  inclined  to  them  at  angles  not 
far  from  5°,  thus  indicating  the  existence  of  some  cause  constantly  at 
work  interfering  with  separation  into  truly  conjugate  alloys  ;  obviously 
this  cause  is  the  largo  preponderance  of  heavier  alloy  formed  ovei* 
lighter  alloy,  which,  as  above  stated,  produces  a  marked  eflfect  on  tho 
result  by  preventing  thorough  intermixture  by  stirring. 

On  plotting  ont  in  these  seven  cases  the  values  of  {A— A'—  (B— B')}- 
as  abscissa),  and  of  A  -f  A'  and  B  +  B'  as  ordinates  (Stokes'  2nd  method, 
stipra),  similar  diiferenccs  are  observed.  All  the  experiments  at 
565 — 750"  concord  fairly  well  when  the  series  whei'e  the  ratio  of 
lead  to  zinc  was  1:1  or  1:2  are  taken  into  account ;  whereas  the 
series  where  the  ratio  was  2 : 1  exhibit  a  much  wider  departure. 
The  experiments  at  750 — 850°,  and  the  concordant  ones  at  565 — 750® 
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lead  to  the  following  approximations  respectively  to  the  composition 
of  the  mixtares  of  metals  at  the  limiting  point : — 


565—750" 

750—850° 

Lead 

21-23;  say  22 

•23-25;  say  24 

Tin 

34-36      „  35 

31-33      „  32 

Zinc 

42-44      „   43 

43-45      „  44 

100 


100 


The  critical  curve  for  the  higher  temperataro  conseqnently  lies  inside 
that  for  the  lower  temperature,  •  since  it  contains  a  limiting  point 
corresponding  witk  a  smaller  tin  percentage. 

In  order  to  define  the  npper  portion  of  the  critical  curve  still  more 
exactly,  and  thus  to  deduce  a  closer  approximation  to  the  true 
limiting  point,  a  number  of  additional  experiments  were  made  at  a 
temperature  close  to  650**,  with  mixtures  containing  31  to  34  per  cent. 
of  tin,  and  lead  and  zinc  in  proportions  lying  between  1 :  1*75  and 
1  :  2,  this  being  the  ratio  calculated  to  yield  approximately  equal 
qnantitiesr  of  heavier  and  lighter  alloys,  and  thus  to  minimise  the 
eiTor  due  to  imperfect  intermixture.     The  following  table  gives  the 


!Ko.o 
tie- 
line. 

1 

Heayier  alloy. 

* 

Lighter  alloy. 

ExceM 
of  tin 

percent- 
age m 
lighter 

alloy  oTer 
that  in 

heavier. 

Tin. 

Zino. 

Lead. 

Tin. 

Zinc 

Lead. 

1 
2 
8 
4 

5 
6 

7 
8 
9 
10 
11 
12 
13 
14 

0 

4*45 
6-94 
9-60 
12-60 
14-76 
16-11 
18-71 
21-95 
26-28 
29-43 
31  63 
33-88 
35  03 
35-65 

1-24 

1-76 

2  05 

2-49 

8*66 

4-22 

4-78 

6-62 

7-57 

13-24 

16-76 

19-73 

22-36 

25*38 

85-25 

98-76 
98-79 
91-01 
87-91 
83-74 
81  02 
79-16 
75-67 
70-48 
60-48 
53-81 
48-64 
43-76 
39-59 
29-10 

0 
6-64 
9-91 
13-47 
16-68 
19-27 
20-35 
22-51 
25-07 
27-49 
28*64 
29-58 
30-33 
30-24 
32-85 

98-86 
90-75 
86-71 
82-18 
78-48 
75-36 
73-51 
70-04 
66-72 
62-33 
59-94 
57-87 
56-25 
55-33 
48-61 

1*14 

2*61 

8-38 

4-85 

4-84 

6-87 

6-14 

7-45 

8-«l 

10-18 

11-42 

12-55 

13  42 

14-43 

18-64 

+  2-19 
+2-97 
+  3-87 
+  4  08 
+  4-61 
+  4-24 
+  8-80 
+  3-12 
+  1-21 
-0-79 
-2  05 
-3-58 
-4-79 
-2-80 

average  values  finally  deduced  from  these  experiments,  together  with 
the  majority  of  the  valuations  derived  from  Series  I,  II,  III,  IV,  and 
V  (Part  I),  a  few  experiments  in  these  series  being  disearded^  tft^<ii.lWt 
TOIu  L,  ^  ^ 
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'With  the  entire  Series  YI  wbere  excess  of  lead  was  used,  on  aocount 
of  showing  less  general  concordance  with  the  average  than  the  oQwn, 
obvionsly  on  account  of  incomplete  intermixttire  and  conseqoent 
formation  of  alloys  not  so  truly  conjugate  as  in  the  other  cases.  In 
all  88  componnd  ingots,  and  consequently  176  ternary  alloys,  wen 
aaed  in  the  deduction  of  the  14  pairs  of  conJQgate  pointa  thni 
tabulated,  so  that  each  point  represents  the  average  of  Bomewhit 
more  than  six  alloy  analyses. 

Fig.  i  represents  these  values  plotted  on  the  triangnlar  Bystem. 


On  comparing  the  figures  in  the  la-st  eolu  mn  with  the  corresponding 
ones  obtained  in  the  priivious  experiments  (Part  I),  it  is  noticeable 
that  the  tin  distribution  is  such  that  the  excess  of  tin  percentage  in 
the  lighter  alloy  over  that  in  the  heavier  one  now  shows  two  maxima, 
the  second  of  which  was  not  indicated  by  the  foi'mer  less  complete 
series.  The  first  is  a  +  maximum,  arrived  at  near  the  5th  tie-lino; 
the  second  a  —  maximum,  situated  near  to  the  13th.  Obvionsly  the 
existence  of  a  masimu:n  (+  or  — )  ia  a  necessary  result  of  a  slope 
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of  the  tie-lines  to  the  one  side  or  the  other,  since  the  lowest 
possible  tie  unites  the  points  obtained  with  a  percentage  of 
solvent  metal  =  nil^  whilst  the  upper  ties  dwindle  down  to  a  point  at 
the  limiting  point,  so  that  for  each  of  these  limiting  ties  the  per- 
centage of  solvent  metal  is  the  same  in  both  heavier  and  lighter 
alloy  formed ;  but  it  is  noticeable  that  only  in  one  other  case  out  of  a 
dozen  temaiy  alloys  now  under  examination  is  a  second  maximum 
noticeable,  i.e.,  only  in  this  one  other  case  (lead-aluminium-tin  alloys) 
are  the  upper  and  lower  ties  found  to  slope  in  opposite  directions ;  in 
all  other  instances,  whether  the  ties  slope  to  the  right  or  to  the  left, 
the  direction  of  the  slope  is  the  same  throughout  the  whole  extent  of 
the  oritioal  oui*ve. 

It  18  farther  notioeable  that  both  with  lead- zinc-tin  and  lead- 
aluuminn-tin  aUoys  the  position  of  the  first  maximum  is  such  that 
ft  opeim  when  the  ratio  of  lead  to  tin  in  the  heavier  alloy  is  sensibly 
ir  to  that  indicated  by  the  formula  SnPbs.  Thus  in  the  case  of  the 
alloys  above  described — 

Calculated. 


Sn 118=    15-97 

Vb, 621=    84-03 


Foiino 

1. 

1476  = 
81-02  = 

16-41 
84-59 

739  =  100-00  96-78  =  10000 

Hhb  pn^yi  results  obtained  with  lead-aluminium-tin  alloys  will  be 
in  a  future  paper ;  it  may  be  noticed,  however,  that  with 
■eries  of  alloys  is  any  marked  elevation  or  depression  in  the 
cyf  the  critical  curve  noticeable  at  the  part  corresponding  with 
ilM  oompoimd  SnPbt,  unlike  the  curve  obtained  with  lead-zino-silver 
and  Utamnth-sinc-silver  alloys,  where  the  formation  of  the  definite 
oonpoonds  AgZuf  and  Ag4Zn9  leads  to  marked  alterations  of  outline 
(ffide  u^To). 

It  was  found  impracticable  to  obtain  any  accurate  valuations  of 
tie-lines  situated  nearer  to  the  limiting  point  than  No.  14 ;  several 
attempts  were  made,  but  the  results  exhibited  too  great  an  amount 
of  discordance  amongst  themselves,  and  too  wide  departures  from  the 
curve  indicated  by  the  above  experiments,  to  enable  them  to  be  re- 
gHiHled  as  trustworthy  ;  the  causes  of  this  being,  as  above  stated,  the 
slight  difference  in  density  between  the  two  alloys  formed,  and  the 
relatively  large  effect  of  temperature  variation  at  this  part  of  the 
c^urve  as  compared  with  other  portions  farther  removed  from  the 
limiting  point.  In  fig.  4  (representing  the  above  table  plotted  on 
the  triangular  system)  L  is  the  limiting  point  deduced  by  Stokes' 
2nd  Method  from  a  carefully  made  large-scale  plotting,  giving  as  the 
most  probable  values  A+A'  =  46  and  B  +  B'  =  85,  whence 
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Lead 

:^ 

3t 

^ 

22-5 

Zinc 

= 

8B 

= 

42-5 

Tin 

= 

350 

1000 

On  acconnt  of  the  pecaliar  serpentine  form  of  the  carvB  obtained  bj 
the  Ist  Method,  the  positions  of  the  limiting  point  cannot  be  lo 
readily  deduced  by  this  method  as  in  the  ciise  of  chloroform,  aeetie 
acid,  and  water. 

The  points  marked  a,  &,  c,  (/,  e,  /,  g,  respectively  indicate  TarionB 
*'  real  '*  alloys  obtained  in  the  coarse  of  the  experiments  deaofibed  u 
Parts  I  and  II. 

Critical  Curve  at  800". 

The  experiments  at  temperatures  lying  between  750*  and  860*. 
detailed  in  Part  II,  were  similarly  supplemented  by  some  additioiial 
ones  made  with  mixtures  containing  lead  and  zinc  in  tbe  pzoporiMii 
1:1' 75  to  1:2,  so  as  to  obtain  more  accurate  valnationSy  won 
especially  iu  the  case  of  the  pairs  of  conjugate  points  lying  neazer  to 
tbe  limiting  point.  The  following  table  represents  tbe  urengt 
values  finally  obtained  from  these  additional  valuations  .conjointJj 
with  the  former  ones. 


1 
2 
3 

4 
5 
« 
7 

8 


Tin. 


Heavier  allov. 


Lead. 


0 
0-51 

1(5 -31 
IS -81 
21  -20 
2*  GO 
20  13 
:i0  12 


9S-70 
SO  -97 
H3(»9 
7S17 
74  02 
09  12 
61-77 
57-07 
50  -51 


Zinc. 


1-30 

3-52 

i  -87 

5-53       i 

7-17      I 

9-59      ' 

13  -63      j 

l«r>0      ' 

20  -37 


Liplitor  alloy. 


Tin. 

Lead. 

Zinc. 

0 

1-57 

98-43 

9  -56 

4-20 

86*24 

•15-80 

7  13 

77  07 

19  84 

8-87 

71-29 

21-79 

10-04 

07 -57 

23  -80 

10-00 

66-60 

25  -33 

12-30 

62-37 

2G  - 14 

12-15 

61-41 

2S  -47 

1 

12  04 

58  -89 

Fig.  5  represents  tlitso  values,  the  exterior  curve  indicating  tlif 
numbers  above  stated  for  temperatures  near  to  050*.  The  poim> 
marked  A  and  B  represcufc  two  mixtures  examined,  not  separating 
into  two  at  800°,  althouf^^Ii  lyin<y  inside  the  critical  curve  for  650**. 

On  applying  Stokes'  2nd  Method,  tlio  curves  marked  No.  1,  fig.  'j. 
are  obtained,  those  marked  No.  2  beinir  the  con-csponding  curves 
deduced  ifrom  the  meaiwaVwes  a\.  ^iS^"  vlWn^  de^scrLbed.     Obviously 
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the  curves  marked  1  are  closely  in  accordance  with  those  dedncible 
hj  shifting  the  cnrves  marked  2  upwards  on  the  paper ;  so  tbat  it 
may  fairly  be  inferred  that  whilst  the  values  of  A-f  A'  and  B-f-B'  at 
the  limiting  point  are  close  to  45  and  85  respectively,  those  for  curves 
No.  2  are  not  far  from  A+A'  =  48,  and  B-f  B'  =  88,  as  indicated  by 
the  dotted  prolongations :  whence,  the  compositions  at  this  limiting 
point  for  650°  C.  and  800"  C.  respectively  are  close  to 

At  660**.  At  800°. 

Lead 225  24-0 

Zinc 42-5  440 

Tin. 350  32-0 


100-0  100-0 

The  points  marked  Li  and  La  (fig.  5)  respectively  indicate  these  com- 
positions. 

It  is  worthy  of  notice  that  in  each  case  the  ratio  between  lead  and 
zinc  is  not  far  from  that  indicated  by  the  formula  PbZn«. 

Found. 


Calculated.  At  650°.  At  800^. 

Lead..       .34-67  225     =     3462        240     =     352^) 

Zinc.       65-33  425     =     65*38        44-0     =     64-71 


100-00  65-0  100-00        68-0  100-00 

A  priori,  it  wonld  seem  not  impossible  that  the  position  of  the 
limitiDg  point  might  correspond  with  the  formation  of  a  definite 
compound  of  the  two  immiscible  metals,  soluble  in  the  "solvent" 
metal  to  an  extent  varying  with  the  temperature.  On  the  other 
hand,  the  experiments  subsequently  described  show  that  when  silvei* 
replaces  tin  as  solvent  metal  an  entirely  different  ratio  between  lead 
and  zinc  subsists  at  the  limiting  point  thus  found,  more  nearly  ap- 
proximating to  Pb2Zn.  Experiments  now  in  progress,  moreover, 
indicate  that  with  antimony  as  solvent  metal  a  third  ratio,  approxi- 
mately PbZuo,  is  deduced. 

It  is  further  noticeable  that  the  upper  tie-lines,  depicted  in  fig.  4 
(Nos.  9  to  14),  visibly  converge  together  in  such  fashion  that  the 
point  representing  the  composition  Sn  =  28,  Pb  =  11,  Zn  =  61  per 
cent,  lies  in  the  midst  of  them  all.  This  configuration  obviously 
suggests  that  there  is  a  tendency  to  the  formation  of  some  definite 
compound,  such  that  whilst  a  considerable  range  in  composition  is 
shown  by  the  heavier  alloys,  a  much  smaller  one  is  observed  in  the 
case  of  the  lighter  alloys  conjugate  therewith ;  that  this  compound  is 
indicated  by  the  formula  SnZni  \b  etTon^Vj  suggested  by  the  circum- 
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stance  that  in  this  componnd  the  two  metals  are  to  one  another  nearly 
in  the  ratio  of  that  existing  at  this  central  point — 


Calculated  for  SnZn4. 


Found. 


..A.. 


Tin 31-2  28     =     315 

Zinc 68-8  61     =     68*5 


100-0  89  1000 

It  will  he  shown  in  a  fatnre  paper,  that  analogous  convergent  dis- 
positions of  the  lines  are  observed  with  other  ternary  metallic 
mixtures,  also  leading  to  the  conclusion  that  definite  compounds  are 
formed ;  a  well  marked  case  in  point  is  noticed  with  alloys  of  lead, 
zinc,  and  cadmium,  where  a  marked  convergence  is  observable  to  a 
point  where  the  cadmium  and  lead  are  in  the  ratio  indicated  by  the 
formula  CdPbz. 

Alloys  of  Bismuth^  Ttn,  and  Zinc. 

The  experiments  described  in  Part  III,  when  plotted  on  the  tri- 
ang^nlar  system,  indicate  that  the  limiting  point  in  the  critical  curve 
for  mixtures  of  bismuth,  tin,  and  zinc  is  situated  to  the  right  (zinc 
side)  of  the  central  line  of  the  triangle ;  so  that  in  order  to  determine, 
with  the  least  amount  of  error  through  imperfect  intermixture,  the 
conjugate  points  situated  near  the  limiting  point,  the  mixtures  used 
must  contain  more  zinc  than  bismuth.  Accordingly  a  number  of 
additional  experiments  were  made  with  mixtures  containing  bismuth 
and  zinc  in  the  proportion  1 :  2*5  to  1 :  3*5,  and  from  12  to  21  per  cent, 
of  tin.  The  figure  thus  obtained  showed  that  some  of  the  compound 
ingots  previously  examined  (prepared  with  equal  quantities  of  bis- 
muth and  zinc)  were  slightly  but  sensibly  affected  by  the  error  due 
to  incomplete  intermixture,  owing  to  the  preponderance  of  heavier 
alloy  formed  over  the  lighter  one.  The  following  table  exhibits  the 
average  values  finally  deduced  from  these  further  experiments,  together 
with  those  of  the  former  series  not  materially  affected  by  this  source 
of  error,  at  temperatures  averaging  near  to  650^  G.  It  is  noticeable 
that  these  further  experiments  show  that  the  numerical  value  of  the 
excess  of  tin  percentage  in  the  lighter  alloy  over  that  in  the  heavier 
attains  a  maximum  (of  negative  sign),  aad  then  diminishes  again ; 
a  point  not  shown  by  the  less  complete  series  of  values  described  in 
Partni. 

Fig.  7,  curve  No.  1,  represents  these  values,  No.  2  representing  the 
analogous  figures  obtained  at  700^— 800**  (Series  II,  Part  III).  Ob- 
viously the  critical  curve  for  the  higher  temperature  lies  inside  that 
for  the  lower  temperature,  as  in  the  case  of  the  lead-zinc-tin  alloys 
above  described.    The  point  marked  A  represents  a  mixture  tslq^^^^'^'^ 
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i-ating  into  two  at  650°  ("  real "  alioy)  ;  tliat  marked  B,  a  similar 
ciitnre,  not  separating  at  750°  j  these  contained  respectively  (averago 
oi  analyses  of  both  ends)  : — 
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A.  B. 

Bismuth 887  48*2 

Zinc 35-3  31-8 

Tin 260  200 

100-0  100-0 

le  point  B  evidenilj  falls  well  outside  the  critical  curve  for  750**, 
>ugh  it  is  not  distinctlj  outside  that  for  650°. 
1  applying  Stokes'  second  system  to  the  above  values,  the  fol- 
ag   figures   result   from   a    large-scale   plotting: — A  +  A'  =  37, 
3'  =  120;    whence  the  composition  for  the  limiting  point,  L, 

Bismuth 185 

Zinc 600 

Tin 21-5 

1000 

ume  percentages  of  bismuth  and  zinc  are  not  far  from  those  re- 
id  for  the  formula  BiZuio. 

Calculated.  Found. 

Bismuth 244  18  5     =     235 

Zinc 75-6  600     =     765 

100-0  1000 

Mrnneby  however,  as  an  entirely  different  proportion  is  found 
t  silver  is  the  "solvent'*  metal  (approximately  BiZn,),  this 
>di  be  regarded  as  much  evidence  of  the  existence  of  an  atomic 
pound  of  bismuth  and  zinc  at  the  limiting  point. 
B.  contrasting  together  the  curves  thus  deduced  for  mixtures  of 
•Sino-tin  and  bismuth-zinc-tin,  it  is  obvious  that  in  each  case  the 
0  Jor  a  higher  temperature  lies  inside  that  for  a  lower  tempera- 
.  When  bismuth  is  the  heavier  immiscible  metal,  the  curve  lies 
b  that  obtained  with  lead  instead  of  bismuth ;  apparently  the 

)  xdationship  holds  in  the  case  of     ^^^     1  -zinc-silver  alloys 

of .     ,         I  -aluminium-tin  alloys,  as  will  be  hereafter  discussed. 

tie  limiting  points  above  deduced  in  each  case  lie  to  the  right  (zinc 
)  of  the  central  line  of  the  triangle,  and  the  uppermost  tie-lines 
ach  case  slope  to  the  right.  With  bismuth-zinc-tin  alloys  the 
b  disposition  is  also  observed  with  the  lower  tie-lines,  but  with 
-zinc-tin  alloys  the  lower  ties  slope  to  the  left,  the  reason  for  this 
irence  probably  being  that  lead  and  tin  exhibit  a  tendeucy  to 
bine  together  to  form  a  definite  compound,  SnPbs,  the  formation 
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of  which  affects  the  composition  of  certain  of  the  heavier  alloys, 
whilst  no  similar  compoand  appears  to  be  formed  between  bismath 
and  tin.     Owing  to  the  critical  carve  for  bismnth-zinc-tin  being  so 
much  lower  down  than  that  for  lead-zinc-tin,  the  tendency  towards 
formation  of  the  componnd  SuZn^,  which  afEects  the  direction  of  slope 
of  the  ties  in  the  latter  cnrve,  is  almost  invisible  with  the  former 
ones.     Some  slight  indication  of  an  effect  is,  however,  perceptible,  the 
slope  of  the  ties  to  the  right  visibly  ceasing  to  increase  towards  the 
npper  part  of  the  cnrve  in  the  same  marked  way  as  is  noticeable  at 
the  lower  part  thereof.     It  is  remarkable  in  this  connexion  that  the 
npper  ties  with  alloys  of  lead  and  zinc,  when  tin  is  the  solvent  metal, 
are  the  only  ones  sloping  downwards  to  the  right,  those  obtained 
with  lead  and  zinc  when  silver,  cadminm,  or  antimony  is  the  solvent 
metal,  nniformly  sloping  downwards  to  the  left.     Precisely  the  same 
remarks  apply  to   the  corresponding  alloys   containing   aluminium 
instead  of  zinc  so  far  as  at  present  examined. 


Alloys  of  Lead^  Silver,  and  Zinc. 

The  experiments  detailed  in  Part  II  indicate  that  the  posituai  of 
the  limiting  point  with  lead-silver-zinc  alloys  lies  consideraUj  to  tlb 
left  of  the  central  line  of  the  triangle,  and  not  to  the  right  m  iU/jj^ 
the  above-described  alloys  containing  tin.  Accordingly,  a  nomberd! 
additional  experiments  were  made  with  mixtures  containing  lead  and 
zinc  in  proportions  from  3  :  2  to  4  :  I  (according  to  the  amount  o( 
silver  present),  with  the  object  of  correcting  any  possibly  erroneOBi 
values  due  to  imperfect  intermixture  owing  to  inequality  between  Ike 
quantities  of  heavier  and  lighter  alloys  formed  ;  and  also  of  obtain* 
ing  pairs  of  conjugate  points  sitaated  nearer  to  the  limiting  pouift 
than  those  already  deduced,  and  thus  of  enabling  the  position  id  Hbt 
limiting  point  itself  to  be  calculated.  In  all  these  further  experimenii 
the  percentage  of  silver  in  the  mixture  exceeded  20,  so  that  only  fhoie 
points  were  re- valued  lying  nearer  to  the  limiting  point  than  thoM 
where  the  effect  of  the  formation  of  the  compound  AgZuf  in  prodn- 
cing  irregularity  became  appreciable.  The  temperature  WM 
750° — 850**  throughout,  averaging  near  to  800°  as  before. 

The  following  table  represents  the  average  results  obtained  hj 
taking  into  consideration  these  further  experiments,  together  witli 
those  described  in  Series  I  and  II,  Pskrt  II,  none  of  which  were  fennd 
to  be  affected  by  the  error  due  to  incomplet-e  intermixture  to  anything 
like  so  great  an  extent  as  was  found  with  some  few  of  the  ingots  pre* 
pared  with  tin.  The  14  pairs  of  conjugate  points  are  deduced  fram 
the  examination  of  39  compound  ingots  in  all,  representing  78  temaxy 
alloys.  Each  point,  therefore,  nearly  represents  the  average  of  three 
alloj  anaiyses. 


892.] 


On  certain  Ternary  Alloys. 


He»Ti«r  alloj. 

At-Xxter  Bltor. 

Ho.  of 

tie-UiM. 

Silver. 

LmcL 

Sno. 

SilTcr. 

Lead. 

Zinu. 

1 

1-26 

M-69 

2-06 

38-91 

3  12 

57  97 

2 

1-64 

96 

28 

18 

40 

89 

S-3S 

55-73 

3 

1-71 

96 

43 

86 

46 

01 

3-37 

5I-i!a 

i 

a-39 

96 

78 

83 

47 

68 

3-74 

48-58 

4  IS 

94 

43 

39 

52 

80 

4-09 

43-11 

tt 

5-56 

93 

16 

29 

54 

93 

4-21 

40 -W! 

7 

10  sa 

88 

02 

76 

60 

14 

9-00 

30 -Hi; 

S 

12 '62 

8S 

38 

00 

63 

70 

11-30 

25-00 

9 

15-69 

81 

68 

43 

65 

13-87 

20-79 

10 

17-48 

80 

15 

42 

65 

94 

14-79 

19-27 

11 

17-66 

79 

78 

67 

67-03 

16-48 

16-49 

12 

19-61 

78 

54 

95 

63-79 

22-29 

i3-92 

13 

29-53 

68-03 

2 

44 

60-35 

28-42 

11-23 

U 

29-90 

67-21 

... 

29-16 

11-53 
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Fig.  8  represents  these  valnes  on  the  triangular  system,  the  point 
A  indicating  an  alloy  that  did  not  separate,  containing  Ag  =  67*5, 
Pb  =  20-1,  Zn  =  12-4. 

The  position  of  the  limiting  point  L  is  found  bj  a  large-scale 
plotting  on  Stokes'  second  system  to  correspond  with  the  values  :— 

A  -f  A'  =  96-4 
B+B'     =     12-6 

whence  the  composition  at  the  limiting  point  is  : — 

Lead  =  48*2 
Zinc  =  6-3 
Silver     =     45-5 


1000 


It  is  noteworthy  that  the  ratio  between  lead  and  sine  at  the  limit- 
ing point  thus  found  with  silver  as  the  ''  solvent "  metal,  is  entirelj 
different  from  that  deduced  above  when  tin  is  the  solvent ;  with  tin, 
the  ratio  corresponds  pretty,  closely  with  that  indicated  by  the  formiik 
PbZn«,  whereas  with  silver  it  corresponds  more  nearly  ynHh  Fb^Zn. 

« 

Calculated.  Found. 

Pb 86-43  48-2     =     8844 

Zn 13-57  6-3     =     11-56 


10000  54-5  10000 

The  dotted  lines  I,  IT,  III  at  the  lower  portions  of  the  critical 
curve  represent  the  values  described  in  Series  I,  II,  and  XII  respec- 
tively (Part  II),  and  indicate  very  clearly  the  effect  produced  by  the 
formation  of  the  definite  compound  AgZus,  and  its  gradual  elimination 
as  previously  described.  Similarly,  the  effect  of  the  formation  of  the 
compound  AgiZu^  is  readily  visible  in  the  right-hand  branch  of  the 
curve ;  the  conjugate  point  No.  6  is  obviously  close  to  an  angle  in 
the  curve  line  and  represents  an  alloy  containing  silver  and  zinc  in 
the  proportions  54-93  and  41 '86,  or  almost  exactly  Ag4Zn5. 

Calculated.  Ob8ei*ved. 

Silver 5707  54-93     =     5675 

Lead 42-93  41-86     =     43-25 


100-00  96-79  100-00 

Leaving  out  of  sight  the  bulge  invyards  at  the  lower  part  of  the 
curve,  due  to  the  formation  of  AgZn^,  it  is  noticeable  that  the  critical' 
curve  for  lead  and  zinc  with  silver  as  *^  solvent  '*  metal  lies  ou^nde  that 
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Iriih  titt  9A  GiolVent;    As  fahown  below,  the  same  relatioiiBhip  also 
holds  ifith  bismuth-lsiiic-silYer  and  bismutli-ziilc-tin  cnrvdsj 


-,  Alloy 8  of  BismtUhf  Silver ^  and  Zinc. 

• 

V  The  experiments  described  in  Part  III  show  that  with  bismnth- 
■lino-silyer  alloys,  as  with  those  of  lead- zinc- silver,  the  position  of 
the  limiting  point  lies  to  the  left  (bismtith  side)  of  the  central  line. 
Accordingly,  a  niimber  of  additional  experiments  were  made  with 
•silver  percentages  upwards  of  twenty,  and  with  zinc  and  bismnth  in 
the  proportions  1  :  1*33  to  1  :  1*5,  so  as  to  dedace  more  accurately  and 
completely  the  upper  portion  of  the  critical  curve,  only  those  points 
being  re- valued  where  the  influence  of  the  formation  of  the  compound 
AgZus  had  become  inappreciable. 

The  following  table  exhibits  the  average  results  thus  obtained, 
together  with  those  described  in  Series  I  (Part  II),  the  temperature 
throughout  being  700** — 800*,  averaging  near  to  750** ;  twenty-four 
compound  ingots  in  all  being  employed,  representing  forty-eight 
ternary  alloys. 


f  .No.  of 

tie-line. 

1 

Heayier  alloy. 

1 

Lighter  alloy. 

Silver. 

Biamuth. 

Zinc. 

1 

i     Silrer. 

1 

Bismuth. 

Zinc. 

1 
2 
8 

4 
5 
6 
7 
8 
9 
10 
11 

6-08 

6-84 

7-68 

8-98 

12-71 

18-68 

22-96 

29*26 

37-33 

41-22 

43-74 

79-28 
77-24 
78-58 
77-99 
76-19 
68-97 
62-72 
53-10 
43-27 
38*62 
33-82 

15*64 
16-92 
13*84 
13  03 
11*10 
12-35 
14-32 
17*64 
19-40 
20-26 
22-44 

I 

;     37-06 

38-80 
43-16 
46-31 
47*94 
49-92 
51-34 
51-16 
49  -73 
47-15 
45-26 

5-34 

5-93 

7*99 

8-67 

10  05 

12*42 

14-34 

17-21 

22-78 

28-76 

32-11 

67-60 
56-27 
48-86 
46  02 
42-01 
37-66 
34-32 
31-63 
27-49 
24-09 
22*64 

Fig.  9  represents  these  results  on  the  triangular  system,  the  posi- 
tion of  the  limiting  point  L  being  thence  deduced  by  Stokes*  second 
system,  a  large-soale  plotting  giving  the  values  :  — 

A+A'     =     66-25 
B  +  B'     =     44*5 


whence  the  composition  at  the  limiting  point  is\ — 


Bismntb 33-12 

Zino 22-85 

surer 44-63 

100-00 

This  represents  a  ratio  between  biBmttih  and  sine  not  &r  from  that 
indicated  by  the  formala  BiZnii  whereas  the  oorresponding  ratio  witb 
tin  as  Bolrent  metal  was  found  to  be  not  far  from  that  indicated  by 
BiZn,o. 

Calculated.  Found. 

Bismuth....       61-76  33-12     =     59-82 

Zino 3824  2225     =     4018 


100-00 


55-3? 


100-00 


The  dotted  lines  I  and  II  at  the  base  of  the  critical  cnrve  represent 
respBctivelj  the  values  given  in  Series  I  (Fart  III),  obtained  bj 
fusion  for  eight  hours,  and  in  Series  II  aud  III,  obtained  by  sepaiate 
further  fusion  of  the  lighter  aud  heavier  alloys  thus  formed.    LiiM 
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ihe  corresponding  resalts  obtained  with  lead-zinc-silver  alloys  shown 
A  flg.  89  these  lines  clearly  indicate  the  effects  due  to  the  formation 
il. Ji^Ziif  and  AgiZn^ ;  the  formation  of  the  first  leading  to  a  marked 
Ittflmf  immards  on  both  sides  of  the  curve  at  the  lowest  part ;  and  that 
#Jttni  teeoiid  to  an  outward  bnlge  somewhat  higher  np  in  the  left- 
lilit.  Iniiidli,  as  compared  with  the  dotted  line  ah  connecting  the 
part  of  the  cnrve  with  the  point  h  on  the  base  line,  representing 
of  biamuth  and  zinc  formed  in  the  absence  of  *'  solvent " 


■t  poufcta  marked  A,  B,  and  C  represent  certain  mixtures  ex- 
diatdid  not  separate  into  two  different  alloys,  t.e.,  that  formed 
'#i|*«llo7B  at  750'. 

out  of  sight  the  lower  bulges  inwards  and  outwards,  due 
of  AgZus  and  AgiZn^,  it  is  evident  that  the  critical  curve 
llwKMilHUll  111111  nil  II  III  lies  inside  that  for  lead-zinc-silver,  just  as  that 
!ilKfcivniihffaino-tin  lies  inside  that  for  lead-zinc-tin.  Further,  the 
fmtt^  lot  bismath-zinc-silver  lies  outside  that  for  bismuth-zinc-tin 
jilpikM  ihe  onrvefor  lead-zinc-silver  lies  outside  that  for  lead-zinc-tin. 
Vitll  aQTsr  as  ^  solvent "  metal  the  limiting  point  lies  to  the  left  of 
liia«iBtrallineof  the  triangle  (bismuth  or  lead  side);  whilst  with 
te  IMI  sdlTent  metal  it  lies  to  the  right  (zinc  side).  In  the  first  case 
■tt  Hm  uniformly  slope  downWards  to  the  left,  and  in  the  second,  to  the 
E^l^  10  -&r  as  the  upper  ones  are  concerned ;  although  a  slope  to  the 
left  ia  observed  with  the  lower  ones  for  the  lead-zinc- tin  alloys,  sug- 
gesting the  existence  of  a  tendency  to  form  a  definite  compound  of 
lead  and  tin  (possibly  SuPbs),  no  analogous  tendency  being  notice- 
able with  bismuth  and  tin. 

The  author  has  much  pleasure  in  acknowledging  the  assistance 
ifforded  him  by  Mr.  Sydney  Joyce  in  carrying  out  the  further  experi- 
ments above  described. 


IV.  "Note  on  some   Specimens   of  Rock  which  have  been 
exposed  to   High  Temperatures."     By  Professor  T.   G. 
'Bonnet,  D.Sc,  LL.D.,  F.R.S.    Received  December  18, 
1891. 

The  effects  of  raising  several  varieties  of  rock  to  temperatures 
w'hich,  though  high,  in  some  cases  were  below  those  required  to  pro- 
iuce  fusion  were  described  to  the  Royal  Society  by  Mr.  Rutley  in 
1886.*  The  following  notes  may  be  useful  as  a  continuation  of  a 
object  which  is  not  without  interest  owing  to  its  bearing  on  natural 
processes. 

Some  time  since,  Mr.  J.  Postlethwaite,  P.G.S.,  of  Keswick,  kindly 

•  *  Boy.  Soc.  Proc.,'  toL  40,  p.  480* 
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presented  me  with  two  *'  vitrified  "  specimens  of  the  so-called  qoarU- 
felsite  of  St.  John's  Vale,  together  with  some  fragments  of  the 
ordinary  rock.  All  had  been  obtained  from  the  qnany  near  Threl- 
keld.  The  vitrified  specimens,  as  he  informed  me,  "  had  been  thrown 
with  some  fuel  into  the  fire  of  the  engine  which  propels  the  machinery 
by  which  the  felsite  is  crushed  for  road-metal."  They  had  been  picked 
out  from  amongst  the  engine-slag,  and  had  been  given  to  him  by 
Mr.  R.  Humphreys,  the  late  foreman  of  the  quarry.  .  Mr.  Poetle- 
thwaite  subsequently,  on  enquiry,  at  my  request,  was  told  that  the 
temperature  of  the  fire  would  probably  be  not  less  than  that  o!  a 
large  locomotive  (the  engine  is  70-horse  power),  in  the  hottest  part 
of  which  pig-iron  melts.  So  that  these  specimens  may  have  been 
raised  to  a  temperature  of  about  2000°  F.* 

The  rock  is  intrusive  in  Skiddaw  slate,  fragments  of  which  it 
includes,  and  which  it  slightly  alters  near  the  junction.  It  is  so  well 
known  to  geologists  that  we  may  refer  for  most  particulars  to  the 
Survey  map  and  the  memoir,t  in  which  are  given  a  brief  description 
(p.  33)  and  a  small  figure  of  the  microscopic  structure  (Plate  I,  fig.  5). 
The  rock  is  a  somewhat  porphyritic  micro-granite;  the  matrix  ifl 
holocrystalline,  consisting  chiefly  of  small  grains  of  Felspar  and 
quartz.  The  former  are  usually  rather  too  much  decomposed  to 
admit  of  the  species  being  determined ;  as  a  rule,  they  appear  to  have 
consolidated  before  the  quartz,  since  they  are  rectilinear  (nearly 
square)  in  outline,  the  other  mineral  filling  the  interspaces.  The 
quartz  contains  several  minute  fluid  cavities,  with  relatively  small 
bubbles,  and  an  occasional  microlith  or  belonite,  so  small  that  any 
attempt  to  determine  it  would  be  a  waste  of  time.  A  fair  number  of 
mica  flakep,  which  sometimes  run  to  a  larger  size,  are  also  present. 
Of  these,  the  smaller  occasionally  appear  to  be  moulded  to  the  felspars. 
Evidently  they  once  belonged  to  the  biotite  group,  but  are  now  re- 
placed, as  is  very  common,  by  a  pale-greenish,  slightly  dichroic, 
secondary  mineral — a  hydrous  mica,  or  possibly  a  chlorite.  There 
are  sparse  granules  of  iron  oxide  and  of  (?)  impure  sphene. 

In  this  ground-mass  are  scattered  larger  felspar  crystals,  also  more 
or  less  decomposed,  in  which  sometimes  the  striping  of  plagioclase 
can  still  be  distinguished,  but  at  others  the  crystal  is  occupied 
entirely  by  a  minute  tibrous  or   filmy  secondary  product,  affording 

•  Dana,  *  Chanirtcriatics  of  Volcanoes,'  p.  144,  considers  that  the  temperature  of 
molten  bar^alt,  such  as  that  of  Kilauea,  is  from  2000""  to  2500°  F.  For  complete 
fusion  of  such  a  rock  as  the  St.  John's  Vale  quartz-felsite  a  higher  temperature 
would  be  required  than  in  the  case  of  basalt,  but,  as  the  Hawaiian  laTa  is  tctt 
liquid,  and  some  basic  rocks,  when  still  melted,  are  below  2000°,  perhaps  the  latter 
of  these  temperatures  might  bo  sufficient. 

t  *  Mem.  Geol.  Survey,'  Lake  District  (by  J.  C.  Ward),  p.  8.  See  also  a  paper 
bf  the  same  author,  '  Geol.  Soc.  Q\ia.xt.  Z\,*  toI.  32^  pp.  12,  22,  &c. 
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rather  brilliant  tints  with  the  crossed  nicols.  The  crystals  are 
occasionallj  composite,  some  are  fairly  idiomorphie,  others  appear  to 
have  snffered  more  or  less  external  corrosion.  There  are  besides 
Bome  grains  of  qnartz  (also  affected  by  the  action  of  the  mag^a) 
which  contain  fluid  cavities  with  a  rather  stream-like  arrangement. 
They  are  similar  to,  but  generally  larger  than,  those  in  the  ground- 
mass.  Both  minerals  occasionally  enclose  microliths,  among  them,  I 
thinky  zircon.  Besides  the  mica,  we  find  one  or  two  rather  tufted 
groups  of  a  prismatic  mineral,  which  exhibits  a  fairly  marked 
dicbroism,  pale-brown  to  bluish-green,  at  first  sight  not  unlike 
tourmaline.  As,  however,  the  extinction  certainly  is  oblique,  though 
the  ailgle  is  not  large,  this  mineral  is  no  doubt  a  hornblende,  and 
probably  of  secondary  origin. 

The  account  may  be  completed  by  quoting  the  following  bulk 
analysis  of  the  rock,  given  by  Mr.  Ward  (*Geol.  Soc.  Quart.  Jonrn.,* 
vol.  32,  p.  22)  :— 

SiO,    =  67180  '       • 

AljO,  =  16-650 
Fe,Os  =  0-559 
FeO  =  2-151 
CaO    =    2-352 


MgO  = 

1-549 

K2O    = 

2-914 

Na,0  = 

4032 

P.O5    = 

0-179 

SO,     = 

trace 

CO,    = 

0-885 

Loss  on  ignition  = 

1-549 

100000 

The  vitrified  specimens  are  coated  externally  with  a  pellicle  of 
dark-brown  glass ;  the  surface  of  one  being  rather  scoriaceous,  and 
"  pitted  "  with  cavities  full  one-third  of  an  inch  in  diameter ;  that  is, 
the  ordinary  surface  of  broken  felstone  (for  I  presume  this  to  be  the 
outside  of  a  fragment)  is  i*eplaced  by  that  of  a  vesicular  slag. 
Internally  many  minute  cavities,  from  the  size  of  a  small  pin-head 
downwards,  have  been  developed;  the  rock  has  assumed  a  darker 
gray  colour,  in  which  the  white  porphyritic  crystals  of  felspar  stand 
out  more  distinctly  than   before;*  and  it  has  a  more  scoriaceous 

aspect. 

On  examining  the  slides  cut  from  the  partially  melted  rock,  two 

•  In  the  specimens  of  unaltered  rock  the  larger  crystals  of  febpar  are  of  a 
yellowish  tint ;  the  smaller,  however,  are  white,  but  less  distinct,  owing  to  tlie  pale 
gray  matrix. 

rOL.  L.  ^^ 
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changes  are  obyions  at  a  glance — the  development  of  a  number  of 
vacaoles,*  and  the  presence  of  a  considerable  amount  of  brawn  glass. 
The  former  are  nsuallj  spherical,  or  nearly  so,  with  well-defined, 
''  clean-cnt "  edges.  The  smaller  of  them  are  often  lined,  perhaps  in 
some  cases  partly  filled,  with  opacite,  and  are  thns  rendered  more  or 
less  opaqne.  In  some  cases,  very  tiny  clear  crystallites  are  inter- 
spersed among  the  blackest  dnst.  The  gronnd-mass  of  the  rock 
consists  of  somewhat  rounded,  or  sub-angular,  grains  of  a  dear 
mineral  set  in  a  base  of  light-brown  glass.  Of  these,  the  majoritj 
unquestionably  represent  the  quartz  of  the  original  ground-mass,  bat 
J  think  that  some  are  felspar.  Most  of  the  mica  has  also  vanisbed, 
though  here  and  there  a  small  remnant  may  be  detected.  The 
canities  in  these  quartz  grains  appear  to  me  to  be  less  nnmeroos  bat 
a  little  larger  than  before.  Often  they  are  seeming! j  empty,  bat  in 
some  the  bubbles  still  remain  apparently  without  any  change.  Tbe 
larger  quartzes  of  the  unaltered  rook  now  appear  as  grains  which 
hav^  a  rather  irregular  outline,  and  are  much  cracked.  Here  also 
the  cavities  seem  to  be  reduced  in  number,  but  not  to  have  increased 
in  8ize.  The  larger  felspars  have  disappeared ;  but  their  position,  on 
closer  examination,  can  be  identified  by  irregular  patches  of  dirtv 
glass,  in  which  are  very  numerous  vacuoles;  these  generally  are 
rather  small  in  size,  and  coated  with  dark  dust.  In  parts  of  the  glass 
minute  fibres  may  be  observed,  which,  however,  do  not  act  on  polar- 
ised light ;  in  others  a  tiny  patch  or  spot  is  feebly  doubly-refractiog. 
In  other  parts  (especially,  I  think,  where  the  vacuoles  are  larger,  bnt 
less  numerous)  the  glass  is  a  deep-brown,  barely  translucent,  or  even 
oy»aque.  Hei*e  and  there,  in  the  glass  generally,  and  near  the  edges 
(»f  included  grains,  groups  of  minute  vermicular  cavities  appear,  and 
a  few  microliths  occur  in  the  slide,  which  are  so  small  that  it  would 
not  be  safe  to  offer  an  opinion  as  to  their  nature  or  age. 

Practically,  the  effect  of  the  heating  has  been  to  melt  down  the 
ft^lspathic  and  the  micaceous  constituents,  without  very  materially 
fiffccting  the  quartz,  and  to  render  the  mass  vesicular. 

At  Les  Talbots,  in  Guernsey,  brick  is  made  of  a  material  which  is 
mainly,  if  not  wholly,  disintegi-ated  granite.  An  over-burnt  specimen 
which  I  have  examined  is  a  bro\vn  slaggy  glass,  full  of  mineral  frag- 
ments.! These,  under  the  microscope,  are  seen  to  be  chiefly  quartz 
and  felspar.  The  grains  of  the  former  are  traversed  by  numeroos 
cracks,  and  the  pieces  appear  to  have  been  sometimes  displaced,  but 
to  be  otherwise  unaffected.  Those  of  felspar  also  are  cracked.  Nume- 
rous vesicles  have  formed :  the  majority  very  small,  but  some  are  easily 

*  These,  it  will  be  remembered,  were  developed  in  the  experiments  described  bjr 
Mr.  Rutley,  both  in  a  pitchstone  from  Arran  and  an  obsidian  from  Montana. 

t  The  specimen  was  collected  by  the  Rev.  E.  Hill,  F.G.S.  In  1888  he  took  me 
to  the  iocalif  J. 
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■een  with  a  low  power;  these  are  more  or  less  coated  with  opacite, 
lad  set  in  a  glass  variable  in  character ;  in  parts  it  is  rather  deep- 
bfowDy  in  others  fiurlj  clear,  almost  colourless,  bat  crowded  either 
with  very  minute  and  rather  fiimj  microlitbs  or  with  pale-coloured 
belonites  and  gpranules  of  opacite  (the  last  being  sometimes  in  more 
ocMisiderable  quantities  than  one  would  have  expected)  ;  now  and  then 
it  18  simply  a  brown  glass.  In  one  fragment  with  multiple  twinning 
the  lines  indicating  the  composition  faces  can  be  traced  in  parts  which 
have  ceased  to  act  on  polarised  light.  In  some  fragments,  mainly 
Titrified,  spots  occasionally  may  be  obseirved  which  continue  to  be 
donbly  refracting,  though  rather  feebly,  appearing  like  faint  white 
donds  on  a  dark  background.  The  ground-mass  is  studded  with 
minute  fragments  of  quartz,  perhaps  with  some  felspar,  set  in  a  glass 
fall  of  cavities,  the  smaller  being  lined  with  opacite,  as  in  the  case  of 
the  last- described  rock  * 

Nearly  forty  years  since,  an  attempt  was  made  by  Messrs.  Chance, 
of  Birmingham,  to  utilise  basalt  for  various  purposes,  by  melting  it 
and  then  running  it  into  moulds,  pouriug  it  out  in  sheets,  ^c.  Refer- 
ence has  often  been  made  to  these  experiments,  but,  so  far  as  I  am 
aware,  no  detailed  account  was  published,  nor  has  any  connected 
study  been  made  of  the  results.t  It  may  be,  therefore,  of  interest  to 
reeord  the  structure  of  some  specimens  which  I  have  examined.  Two 
of  these  were  given  to  me  a  short  time  since  by  J.  T.  Chance,  Esq. 
One  of  them  is  a  large  fragment,  evidently  part  of  a  block  which  has 
been  cast  in  a  mould.  It  was  labelled,  *'  melted  I85I  to  1854,  devitri- 
6ed.*'^  On  the  surface  which  was  in  contact  with  the  mould  is  a  film 
of  deep-brown  glaze,  like  that  of  an  over-burnt  Staffordshire  "blue- 
brick."  The  rock  is  dark,  almost  black,  with  a  faint  purple  tinge, 
generally  compact,  exhibiting  slight  traces  of  a  crystalline  structure 
in  one  part.  In  it  are  a  fair  number  of  small  cavities,  more  or  less 
spherical,  and  a  few  of  rather  large  size,  towards  the  exterior,  very 
irregular  in  shape.  On  microscopic  examination  the  following  con- 
stitnents  are  observed: — (1)  magnetite,  very  abundant  in  minute 
grains,  which,  however,  evidently  are  often  cubes  or  octahedra ;  (2) 
very  numerous  microlithic  prisms,  ranging  up  to  about  0*002  inch  in 

*  Mica  should  be  present,  but  I  only  find  two  flakes,  and  these  are  so  much 
altercd  as  to  be  barely  recognisable,  having  lost  their  characteristic  dichroisni, 
sad  looking  like  bundles  of  yellowish  fibres. 

t  They  are  referred  to  for  comparative  purposes  by  Messrs.  Judd  and  Cole  in 
their  important  paper  on  the  Basalt-glass  (tachylyte)  of  the  Western  Isles  of  Scot- 
land COeol.  Soc.  Quart.  Jl.,'  vol.  39,  p.  444);  also  by  Mr.  WaUer,  *  Midland 
Naturalist,'  vol.  8  (1885),  p.  261. 

X  From  '  Ure*s  Dictionary  of  Arts,'  Ac,  t.e.  "  Basalt,"  it  would  appear  almost 
certain  tbat  this  specimen  was  *'  devitrified"  by  slow  cooling,  obtained  by  running 
the  molten  material  into  moulds  of  sand  contained  in  iron  boxes,  raised  to  a  red 
heat. 
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leagUi  ;*  (3)  thio  microlithB  of  felspar,  not  seldom  Rbont  &01  iotli 
long,  fiometiiiies  as  much  as  0*02  inch.  Theae,  &om  meaanrenuiitof 
the  ezdnctioii  aoglea,  ma;  be  referred,  at  an;  rate  in  many  caaaa,  to 
labradorite.  They  may  be  called  akeleton  crystala,  for  not  nnfr^ 
qnently  the  edges  are  penetrated  by  microliths  of  the  other  minwal^ 
OP  they  enoIoBe  a  sort  of  thin  bar  composed  of  them ;  in  some  caHi 
the  onUine  of  the  latter  is  a  very  acnte-angled  triangle,  and  a  tvw 
microliths  (nsnally  of  the  angite)  are  soattered  in  adranoe  of  tha 
apex  along  a  line  in  the  crystal.     These  crystals  have  a  tendenejta 


"DeTitriSed"  twaUt,  thowing  Aaletal crfttaU of  felipar in  a  gnmnd-manfiillof 
cr^tallilM  o(  the  wime.     k  S3. 

hiforcate,  and  to  form  slightly  divergent  groaps,  as  shown  in  the 

illastratioD.t  The  magnetite,  alao,  is  often  gronped  along  lines  which 
mn  at  right  angles,  one  to  another,  as  figured  by  Vc^lsang^  and  bj 
Zirkel.§ 

The  groand-mass  among  the  skeletal  crystals  consists  of  a  confased 
aggregate  of  the  same  constitoeote,  but  of  smaller  size,  so  that  thej 
cannot  be  readily  distinguished  with  powers  below  a  one-eighth 
objective.  It  is  difficult  to  be  quite  certain,  bot  I  think  that  no  glsM 
remains.  The  supposed  angite  is  sometimes  slightly  vermicnlur  in 
form.  The  felspar  appears  to  have  consolidated  last,  and  the  same,  I 
think,  was  the  case  with  the  larger  skeleton  crystals,  Ihongh  the  man 
when  they  formed  mnst  have  been  snfBciently  p7aatio  to  allow  these 
to  be  developed  In  definite  directions  for  some  diHtance.  Mr.  Teall's 
figure||  of  the  Cleveland  dyke,  from  near  Preston,  presents  a  general 

*  It  is  diflicult  to  detcnniDe  their  exact  nature,  but  I  haTS  little  Leut«tioD  in 
iilcntifjing  them  with  Bugit«. 

f  A  somewhat  limilar,  but  more  curved  and  variable,  grouping  in  the  cue  of 
ntigite  ia  described  b;  K.  f.  Dana  in  a  compaH  basalt  from  Monnt  Loa,  Sandwich 
Talande, — J.  D.  Dana, '  Characteriltici  of  Volcauoen,'  p.  820,  &c. 

t  In  a  ba«alt  from  near  North  Berwick  ('Die  Erjstaltiten/  Plate  XIIT,  fig.  1). 

S  '  BatallgeateiDe,'  fig.  54. 

II  '(?eoJ.Soc.QuBrt.  Jl.,'vol.W,V\ab«U,&%.4. 
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resemblanoe  to  the  subject  of  our  description,  except  that  in  it  the 
crystals  are  longer,  thinner,*  and  differently  grouped,  and  a  slightly- 
curved  arrangement  is  perceptible  in  the  ground-mass. 

The  second  specimen  is  a  large  fragment  of  a  slab  of  black  glass, 
about  one- third  of  an  inch  thick.  In  a  thin  slice  this  appears,  on  micro- 
scopic examination,  to  be  a  brown  glass,  which  becomes  quite  opaque 
in  a  narrow  zonef  near  each  edge,  but  in  the  intermediate  part  varies 
from  a  light- brown  to  a  rather  rich  umber- brown,  each  tint  being 
slightly  granulated.  It  exhibits  a  fluidal  structure,  the  stripes  in  one 
part  being  bent  into  a  fold.  The  use  of  high  powers  brings  out 
specks  of  opacite,  but  fails  to  resolve  the  glass,  so  that  obviously  the 
colouring  matter  is  very  finely  distributed. 

A  third  slide,  cut  from  a  specimen  given  to  me  by  Professor  Judd, 
shows  well-defined  spherulites|  (deep-brown)  in  a  glass  (pale-brown, 
almost  buff).  In  the  centre  of  some  of  these  spherulites  is  a  cruci- 
form group  consisting  of  aggregated  granules  of  opacite  or  ferrite, 
from  which  radiate  similar  but  thinner  bands,  interspersed  with 
clearer  fibres,  which  also  have  a  tendency  to  group  themselves  cross- 
wise, rather  than  to  diverge  in  all  directions.  These  fibres  seem  to 
have  a  very  faint  depolarising  influence,  but  they  are  so  small  and 
still  so  discoloured  as  to  be  unfit  for  examination. §  These  fibrous 
structures  can  generally  be  traced  to  the  edge  of  the  spherulite,  but 
the  dark  lines,  by  which  alone  it  is  to  be  recognised,  become  so  thin 
that  the  outer  part,  with  low  powers,  appears  commonly  to  be  struc- 
tureless. 

A  fourth  specimen  in  the  museum  at  University  College  is  labelled 
"Melted  Bowley  Basalt,  cooled  in  13  days;  from  upper  surface. 
Ea^^le  Foundry,  Birmingham,  February,  1836."||.  This  is  a  black  glass, 
with  a  slightly  irregular,  sub-conchoidal  fracture,  rather  vesicular 
in  one  part-,  and  opposite  to  this  bearing  apparently  the  impression 
of  a  mould.  Under  the  microscope,  it  is  a  clear  glass  of  a  warm- 
brown  colour,  by  no  means  dark.  It  contains  a  few  minute  cavities 
and  granules  of  opacite ;  there  are  some  larger  vacuoles,  circular  in 
section,  from  O'Ol  inch  to  0*05  inch  in  diameter,  and  a  few  circular 
spots,  about  the  same  size,  slightly  grayer  and  more  gi*anular  than 
the  rest  of  the  rock ;  also  one  small  portion  of  a  deeper  brown  glass 

*  Though  occasionally  one  more  "  stumpy  "  may  be  seen. 

t  Mr.  Bailey  obserred  that  an  opaque  zone  occurred  in  a  specimen  of  yitrified 
basalt  where  it  joined  a  fragment  of  unmelted  basalt,  which  had  been  dropped  into 
the  crucible  after  this  had  been  remored  from  the  flame. 

{  Mr.  Butley  obseryed  a  rudely  spherulitic  structure  in  a  slowly  cooled  specimen 
of  melted  basalt  (Plate  Y,  fig.  4). 

§  In  Uie  immediate  neighbourhood  of  the  central  crosses  they  seem  to  enclose 
ferrite  granules,  arranged  along  lines  with  reiy  short  cross-pieces. 

II  The  date  is  as  printed,  but,  as  each  label  bears  the  same  signature,  "  WiUiam 
Hawkes,"  it  may  be  a  clerical  error  for  1856. 
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with  a  paler  border,  something  like  a  fleur-de-lys  in  shape.  But  on 
the  whole  the  glass  is  remarkably  uniform  and  free  from  microlithie 
enclosures  of  appreciable  size. 

A  fifth  specimen  consists  of  a  number  of  small  black  glassy  frag- 
ments labelled  "Melted  Rowley  Basalt,  cooled  in  water.  Eagle 
Foundry,  Birmingham,  February,  1858."  This  material  is  not  suited 
for  slicing,  so  I  have  had  some  of  it  pounded  and  have  examined  the 
powder.  This  shows  the  rock  to  be  a  glass  which  breaks  into  rather 
flat  sharp-edged  chips  with  a  clean  somewhat  conchoidal  fracture ;  in 
colour  a  translucent  umber-brown,  not  dark  in  the  thicker  parts  of 
the  fragments,  and  a  very  faint  olive-brown,  almost  coloarleas,  in  the 
thinner.  One  or  two  of  the  larger  chips  give  slight  indications  of 
a  fluidal  stracture,  and  contain,  rarely,  a  minute  cavity  or  a  grannie 
or  two  of  opacite. 

All  the  basalt   on   which    Messrs.  Chance  experimented   came,  I 
believe,  from  the  well-known  mass  near  Rowley  Regis,*  which  has 
been   often  described.     The  natural  rock  is  asually  fairly  coarsely 
crystalline  ;  but  I  happen  to  possess  specimens  of  an  unusually  glassy 
variety,  collected  by  myself  nearly  twenty  years  since,  from  a  pit 
which  was  then  being  opened  on  the  northern  side  of  the  hill,  near 
some  collieries,  which,  as  I  was  told,  were  called  the  California  pits, 
the  excavation  being  evidently  almost  at   the   base   of  the  basalt. 
These  specimens,  macroscopically,  are  compact  dark  magma- basalts, 
with  rather  smooth  sub-conchoidal  fracture,  onef  slightly  more  com- 
pact than  the  other.     Under  the  microscope  we  see  in  both,  but  more 
commonly  in  the  less  compact,  sparse  grains  of  serpentiniaed  olivine 
and  crystals   of  plagioclase,    each  about  0*003  inch  long,    together 
with  grains   of   iron   oxide    (magnetite,    or  perhaps   in   some    cases 
ilmenite)  scattered  in  a  colourless  matrix  which  is  thickly  studded 
with   smaller  granules  of  iron  oxide,    and    tiny,  rather   irregularly 
formed  prisms  of  almost  colourless  augite,  among  which  the  presence 
of  lath-like  microliths  of  felspar  is  suggested.     On  applying  polarised 
light  (with  a  magnification  of  about  50  diameters)  much  of  the  clear 
part  seems  not  to  produce  any  depolarising  effect,  though  obviously 
felspar    microliths    are    frequently    present    in  it;    but    with  about 
150  diameters  very  faint  bands  of  gray  light  make  their  appearance 
—  most  clearly  in  the  coarser-grained   specimen:  in  the  other,  even 
when  a  quartz  plate  is  used,  no  difference  of  tint  can  be  seen  in  some 
parts,  either  as  the  stage  is  rotated,  or  by  comparison  of  the  edge  of 
the  slice  with  the  coloured   field.     The  indefinite,  almost  ghost-like 

•  See  Allport,  '  Geol.  Soc.  Quart.  Jl.,'  vol.  30,  p.  548.  Mr.  Rutlej  deacribed 
specimens  of  melted  basalt  from  the  Giant's  Causevraj,  and  from  Kilauea  and 
Mokiia  Weo-Weo,  in  the  Hawaiian  Islands. 

t  The  first  obtained,  for  I  visited  the  quarry  a  jear  or  two  afterwards,  when  it 
had  been  considerably  enlarged. 
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aspect  of  the  crystallites  (where  they  are  seen)  does  not  appear  to 
proceed  from  a  crowding  of  minute  microliths  (for  a  crystallite  may 
sometimes  be  larger  than  one  of  the  angite  granules),  but  from  its 
power  to  depolarise  being  weak,  as  if  its  molecular  condition  were 
only  slightly  anisotropic.  It  is,  therefore,  possible  that  the  rock  is 
in  the  act  of  passing  rather  than  has  actually  passed  from  a  glassy 
condition,  though  it  is  not  truly  a  tachylite. 

On  comparing  the  results  of  artificial  processes,  described  above, 
with  rocks  which  have  solidi6ed  from  natural  fusion,  we  observe 
(1)  that  while  quartz  and  felspar  crystals  in  acid  rocks,  after  having 
formed,  frequently  appear  to  have  been  partially  melted  down,  the 
qnartzes,  as  a  rule,  are  not  cracked,  the  inner  parts  of  the  felspars  are  not 
locally  converted  into  glass.  The  exterior  only — as  when  a  soluble  sub- 
stance is  acted  on  by  a  fluid — appears  to  have  been  affected ;  (2)  that, 
in  the  case  of  the  basic  rocks  artificially  melted,  the  glassy  part  is  a 
trne  tachylite,  but  the  structure  of  the  devitrified  specimen,  with  its 
peculiar  skeletal  crystals  of  felspar  and  magnetite  and  absence  of 
well-defined  augite,  is  unusual  in  nature.*  It  is,  however,  as  I  know 
from  specimens  in  my  own  collection,  and  as  may  be  seen  from 
Vogelsang's  book,  rather  characteristic  of  slags  and  glasses.  This 
appears  to  be  confirmatory  of  the  view  commonly  entertained  that  an 
igneous  rock  is  not  liquefied  by  the  action  of  heat  alone,  but  that 
water  is  a  contributing  agent,  and  is  always  present  in  the  magma ; 
farther  that  the  formation  of  a  glass  in  the  process  of  cooling  is  facili- 
tated by  the  escape  of  the  water,  which  may  explain  the  comparative 
rarity  of  tachylites  in  nature,  and  the  fact  that  when  they  do  occur, 
thej  are  very  seldom  more  than  *^  selvages  "  to  masses  of  basalt. 
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February  4,  1892. 

Mr.  JOHN  EVANS,  D.C.L.,  LL.D.,  Treasurer,  in  the  Chair. 

The  Right  Hon.  Farrer  Herschell,  Baron  Herschell,  was  admitted 
ito  the  Society. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
rdered  for  them. 

The  following  Papers  were  read : — 

.  "On  the   New   Star  in  Auriga.      Preliminary  Note."      By 
J.  Norman  Lookyer,  F.R.S.     Received  February  4,  1892. 

From  a  note  in  *  The  Times '  of  Wednesday,  February  3rd,  I  learnt 
lat  a  new  star  had  been  discovered  in  the  constellation  Aunga,  and 
lat  photographs  had  been  obtained  at  Greenwich  on  Monday  night. 
Observations  were  therefore  impossible  here  before  last  night.  This 
much  to  be  regretted,  and  suggests  that  some  local  organisation  is 
eeded  to  farther  qaick  transmission  of  news  to  observing  stations 
)lating  to  phenomena  which  may  change  in  a  few  days  or  even 
ours. 

Last  night  was  fortunately  fine,  and  two  photographs  were  taken 
I  the  spectrum : — 

h.     m. 

The  1  st  exposed 1     30,  from  7.30  to    9 

The  2nd       „      3      0       „     9.30  „  12.30 

The  first  registered  thirteen  lines;  the  second  appears  to  contain 
)me  additional  ones,  but  they  are  very  faint  and  have  not  yet  been 
leasured. 

A  complete  discussion  of  these  photographs  will  form  the  substance 
r  a  subsequent  communication,  but  already  the  following  approxi- 
lations  to  the  wave-lengths  have  been  obtained,  the  photographs 
3ing  treated  absolutely  independently,  means,  however,  being  taken 
ir  the  four  least  refrangible  lines,  as  there  has  not  yet  been  time  to 
tnstruct  a  proper  curve  for  this  region. 

I  have  recently  taken  up  the  question  of  stellar  spectra,  and  find 
lat  a  6-inch  object  glass,  with  a  prism  in  front  of  it,  is  all  that  is 
squired  for  the  brighter  stars.  This  instrument  was  employed  uponL 
16  nova,  which  is  of  about  the  5th  magnitude,  so  the  exposures  were 
dcessarily  Jong. 

VOL.  L.  ^  Y 
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Lines  Measured  in  the  First  Photograph. 


Ware-length. 

Hydrogen  lines. 

Probable  origin. 

8933  (K) 

•  • 

Ca 

3968 

H 

4101 

h 

4128 

4172 

4226 

•  • 

Oa 

4268 

4812 

•  • 

Hjdrooarbon 

4340 

G 

• 

4516 

4552 

4587 

4618 

Lines  Measured  in  the  Second  Photograph. 


Wave-length. 

Hydrogen  lines. 

Probable  origin. 

8933  (£) 

•  • 

Ca 

3968 

H 

4101 

h 

4130 

4172 

4227 

•  • 

Ca 

4268 

4310 

•  • 

Hydrocarbon 

4340 

G 

4516 

4552 

4587 

4618 

For  the  eye  observations,  the  new  8-foot  mirror,  which  has  recently 
been  presented  to  the  Astrophysical  Laboratory  by  Mr.  Common,  was 
employed,  but  nnfortnnately  the  clock  is  not  yet  mounted,  so  that 
the  observations  were  difficult. 

C  was  the  brightest  line  observed.  In  the  green  there  were 
several  lines,  the  brightest  of  which  was  in  all  probability  F,  the 
position  being  estimated  by  comparison  with  the  flame  of  a  wax 
taper.  Another  line  was  coincident,  with  the  dispersion  employed, 
with  the  radiation  at  X  500  from  burning  magnesium  wire.  A  fainter 
line  between  the  two  last  named  was  probably  near  X  495,  thus  com- 
pleting the  trio  of  lines  which  is  characteristic  of  the  spectra  of 
nebnlffj.  There  was  also  a  fairly  bright  line  or  band  coincident  with 
the  edge  of  the  carbon  ftnting  -newc  WV1  ^^«v\.\i^  t\\e  flame  of  the 
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taper.  A  feeble  line  in  the  yellow  was  coincident,  nnder  the  condi- 
tions employed,  with  the  sodium  line  at  D. 

The  hydrogen  line  at  G  was  distinctly  seen,  as  well  as  a  band  or 
group  of  lines  between  G-  and  F. 

Nearly  all  the  lines  appear  to  be  approximately,  if  not  actually, 
coincident  with  the  lines  seen  in  the  various  types  of  Cygnus  stars, 
the  chief  difference  being  the  apparent  existence  of  carbon,  hydro- 
carbon, and  calcium  in  the  nova. 

The  colour  was  estimated  by  Mr.  Fowler  as  reddish-yellow,  and  by 
Mr.  Baxandall  as  rather  purplish.  My  own  impression  was  that  the 
star  was  reddish,  with  a  purple  tinge.  This  was  in  the  10-inch 
achromatic.  In  the  3-foot  reflector  it  was  certainly  less  red  than 
many  stars  of  Group  II.  No  nebulosity  was  observed  either  in  the 
3- foot  or  the  10-inch  refractor,  nor  does  any  appear  in  a  photograph  of 
the  region  taken  by  a  3^-inch  Dallmeyer  lens  with  three  hours*  ex- 
posure. It  should  be  stated  that  the  camera  was  carried  by  the 
photographic  telescope,  the  clock  of  which  had  had  its  normal  rate 
purposely  changed  to  give  breadth  to  the  spectrum. 

The  photographs  were  taken  and  reduced  by  Messrs.  Fowler  and 
Baxandall.  The  eye  observations  and  comparisons  were  made  by 
Mr.  Fowler  alone. 

IL  **  Note  on  the  Energy  Absorbed  by  Friction  in  the  Bores  of 
Rifled  Guns."  By  Captain  Noble,  C.B.,  F.R.S.,  &c.  (late 
Royal  Artillery).     Received  December  31, 1891. 

The  object  of  the  experiments  which  I  proceed  to  describe  was  to 
ascertain  approximately,  and  under  varied  conditions,  the  loss  of 
energy  due  to  the  friction  of  the  driving  ring  of  the  projectile  in  the 
bores  of  rifled  guns. 

The  rotation  of  modem  breech-loading  projectiles  is  generally  given 
by  means  of  a  copper  riug  or  band  on  the  projectile,  on  a  plan 
originally  proposed  by  Mr.  Yavasseur,  the  diameter  of  this  ring  being 
not  only  somewhat  larger  than  that  of  the  bore,  but  even  larger  than 
the  diameter  of  the  circle  representing  the  bottom  of  the  grooves, 
and  the  projections  which  give  the  rotation  are  formed  by  the  pressure 
of  the  powder  g^es  forcing  the  driving  ring  int<o  the  grooves  of  the 
gun.  At  the  commencement  of  motion  the  driving  ring  is  conse- 
quently exactly  moulded  to  the  section  of  the  bore  at  the  seat  of  the 
shot,  and  under  the  conditions  due  to  the  pressure  to  which  the  gun 
is  at  the  moment  subjected. 

It  will  readily  be  conceived  that  a  band  or  ring,  moulded  as  de- 
scribed, may  give  rise  to  considerable  friction  in  its  passage  through 
the  bore,  and  the  amount  of  this  friction  may  be  modified  to  ou 
oonsiderabla  extent  by  various  circumstanceB. 

^  It  ^ 
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For  ezample,  the  nature  of  tbe  powder  employed  may,  depending 
on  the  deposit  or  fouling  left  in  the  bore,  affect  appreciably  the 
friction.  Again,  tbe  friction  may  be  considerably  modified  by  ilie 
form  and  diameter  of  tbe  ring  itself,  while  a  variable  amount  of 
energy  mnst  be  absorbed  by  the  methods  employed  to  give  rotation, 
and  by  the  amount  of  that  rotation. 

In  the  preliminary  experiments  three  descriptions  of  powder  were 
employed — (1)  the  powder  known  as  P,  or  the  pebble  powder  of  the 
English  Service ;    (2)  an  amide  powder   in   which   the   nitrate  of 
potassa  of  ordinary  powder  is  largely  replaced  by  nitrate  of  ammonia, 
and  which  powder,  in  addition  to  other  valnable  properties,  gives  rise 
to  a  smoke  much  less  dense  and  much  more  rapidly  dispersed  than 
is  the  case  with  pebble  and  other  similar  powders ;    and  (3)  a  tme 
smokeless  powder.     The  form  of  smokeless  powder  employed  in  this 
country  is  best  known  under  the  name  of  cordite,  a  propelling  agent 
which  promises  to  be  of  great  value,  and  for  which  we  are  indebted 
to  the  labours  and  experiments  of  Sir  F.  Abel  and  Professor  Dewar. 
A  somewhat  similar  explosive  i^  employed  abroad  under  the  name 
of  '^  ballistite,"  and  with   this   explosive  also  I  have  been  able  to 
make  an  interesting  series  of  experiments.     These  experiments  do 
not,  however,  come  within  the  scope  of  the  present  note. 

The  preliminary  experiments  having  shown  that  a  very  consider- 
able ftmonnt  of  friction  was,  in  the  case  of  pebble  powder,  due  to  the 
foaling  of  the  gun,  while  uo  such  result  was  observed  either  in  the 
case  of  the  amide  powder  or  the  cordite,  it  was  determined  to  carrj 
out  the  subsequent  experiments  with  the  amide  powder,  firing,  how- 
ever,  for  purposes  of  corroboration  an  occasional  round  with  the 
cordite,  of  which  a  small  quantity  only  was  available. 

It  may  be  of  interest  to  note  the  loss  of  velocity  and  energy  dne  to 
the  fouling  with  pebble  powder.  The  charge  of  powder  in  a  12-cm. 
gun  being  12  lbs.,  and  the  weight  of  the  shot  45  lbs.,  the  velocity  of 
the  shot,  the  gun  being  carefully  cleaned  and  oiled,  was,  in  thi*ee 
trials,  respectively,  1877  ft.-secs.,  1877  ft.-secs.,  and  1878  ft. -sees. 
The  two  rounds  fired  immediately  afterwards,  the  bore  then  being 
foul,  were  respectively  1850  and  1868  ft.-secs.,  1848  and  1847  ft.-secs., 
1852  and  1847  ft.-secs.,  or,  taking  the  means  of  the  whole  series,  the 
mean  velocity  with  the  gun  clean  was  1877*3  ft.-secs.,  with  the  bore 
foul  1852  ft.-secs.,  or,  to  put  the  result  in  another  form,  the  mean 
energy  realised  from  the  pebble  powder,  the  bore  being  carefully 
cleaned,  and  allowance  being  made  for  the  energy  of  rotation,  was 
1102  ft.-tons,  while  the  mean  energy  similarly  realised  with  the 
bore  foul  was  only  1072  ft.-tons,  showing  a  loss  of  30  ft.-tons  or  of 
2*73  per  cent,  of  energy  attributable  to  the  extra  friction  due  to  the 
powder  deposit  in  the  bore. 
For  the  purposes  of  tlnie  Bu\>»ec\\i£TA,    ^x^^xvmfciYHA.,  \.\mc^^  12-cm. 
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ick-fii*ing  guns  were  specially  prepared  and  rifled  in  the  following 
knner : — The  first  had  grooves  of  the  usaal  section  of  the  Service, 
b  these  grooves  were  all  cnt  parallel  to  the  axis  of  the  bore,  that  is 
say,  the  pitch  of  the  rifling  was  infinit/e,  or,  in  other  words,  there 
A  no  twist,  and  no  rotation  round  the  central  axis  would  be  com- 
micated  to  the  projectile ;  the  second  gun  was  rifled  with  a 
iform  pitch  of  1  turn  in  162  inches  (about  1  turn  in  35  calibres)  ; 
lile  the  third  gun  was  rifled  with  a  un iform Ijr increasing  pitch  of 
Mn  1  turn  in  472"*5  at  the  breech  to  1  turn  in  162"  at  the  muzzle, 
that  in  the  last  two  guns,  assuming  the  same  muzzle  velocity,  the 
DJectiles  would  leave  the  gun  with  the  same  angular  velocity. 
The  projectiles  used  in  these  experiments  were  flat-headed  cylin- 
rs  (all  being  made  of  the  exact  weight  of  45  lbs.),  and  differed  from 
e  another  solely  in  the  driving  bands  of  the  projectiles,  which 
Bfered  from  one  another  both  in  diameter  and  length,  the  differences 
ing  shown  in  the  sketches  attached  to  the  tabular  resolts. 
The  first  experiments  were  made  with  the  lings  marked  '*  A," 
ree  rounds  being  fired  from  each  of  the  three  guns  described,  and 
e  following  table  shows  the  velocities  and  energies  obtained  from 
eh  nature  of  gun. 

Table  J. — Results  of  Experimenis  with  Driving  Rings 

Section  "  A.'* 


\'^^^^ 


-  > 


o 


._y. 


...//■"" 


Nature  of  rifling. 


No  twist 


Uniform  rifling 


Parabolic  rifling    .... 


Muzzle 

Telocities. 


ft. -sere. 

2130 
^  2124 

2136 

[2109 

^2104 

[2118 


2079 
2088 
2076 


Muzzle 
energieB. 


Mean 

muzzle 

velocity. 


ft  .-tons. 
14161 
1408  \ 
1424  J 

1394"! 
1386  J. 
1405  J 

13541 
1365  \ 
1350  J 


ft. -sees. 
2130 


2110 


2081 


Mean 
muzzle 
energy. 


ft. -tons. 
1416 


1395 


1356 
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Now,  if  the  resnlts  given  in  this  table  be  examined,  it  will  be 
observed  that  the  whole  of  the  velooities  obtained  from  the  gnn  wUli« 
out  twist  are  higher  than  those  obtained  from  the  gun  rifled  wiik  a 
uniform  twist,  while  the  whole  of  the  velocities  obtained  from  tbe 
last-mentioned  gan  are  higher  than  those  obtained  from  the  gun 
with  the  parabolic  or  uniformly  increasing  twist. 

Using  the  mean  results,  there  is  a  loss  of  velocitj  of  20  ft-aecs.  in 
passing  from  the  gun  with  no  twist  to  that  with  a  uniform  twist,  and 
a  further  loss  of  29  f t.-seos.,  or  49  ft.-seos.  in  all,  in  passing  to  the  gnn 
with  the  parabolic  rifling.  Translating  these  losses  of  velocitj  into 
losses  of  energy,  it  appears  that  there  is  a  loss  of  21  ft.- tons,  or  aboni 
1*5  per  cent,  of  the  total  energy  due  to  the  uniform  rifling,  and  a 
further  loss  of  39  ft.-tons,  or  275  per  cent.,  making  60  ft.-tonB,  or 
about  4^  per  cent.,' in  all  when  the  parabolic  rifling  is  employed. 

In  a  paper  published  in  vol.  45  of  the  *  Philosophical  Magaaine' 
(1873)  I  investigated  the  ratio  existing  between  the  forces  tending  to 
produce  translation  and  rotation  in  the  bores  of  rifled  guns,  and  I 
showed  that,  if  B  be  the  pressure  tending  to  produce  rotation,  and  0 
be  the  gaseous  pressure  acting  on  the  base  of  the  projectile,  the 
resultant  of  which  pressure  acts  along  the  axis  of  the  bore,  that  is, 
along  the  axis  of  Z,  then  in  the  case  of  the  parabolic  rifling 


where  r  is  the  radius  of  the  bore,  p  the  radius  of  gyration  of  the 
projectile,  k  the  principal  parameter  of  the  parabola  (the  plane  of  ry 
being  supposed  to  be  at  the  vertex  of  the  parahola  and  at  right 
angles  to  the  axis  of  the  bore),  B  the  angle  which  the  normal  to  the 
driving  surface  of  the  groove  makes  with  the  radios  at  the  point 
ander  coDsi deration,  v  the  velocity  at  that  point,  /ii  the  coefficient  of 
friction. 

While  in  the  case  of  a  uniform  twist 

R= ^?!5 (2) 

^/(l-^-^•')     "^  v/{^-^  +  (8in5>} 

where  h  is  the  pitch  of  the  rifling,  k  the  tangent  of  the  angle  which 
the  groove  makes  with  the  plane  of  xy,  the  other  constants,  Ac.^ 
bearing  the  meaning  I  have  already  assigned  to  them. 

Now  to  obtain  the  numerical  values  of  B  from  the  above  equations, 

a  knowledge  of  the  values  of  G,  that  is,  of  the  total  pressures  acting 

on  the  base  of  the  projectile,  and  in  the  case  of  the  parabolic  rifling 

of  the  velocity  at  all  points  oi  t\ie\>orQ)\&  ueoea&idr^^^Ad^the  explosives 
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»d  beiag  norel,  for  tliis  iavestigatioa,  as  nell  as  for  other  parposee, 
1XVB  recently  determined  by  direct  experiments  in  the  bore  of  a 
-cm.  quick-firing  gan  the  mean  velocities  and  mean  gaaeons 
jBaoreB  at  all  points  of  the  bore,  both  for  the  amide  powder,  mainly 
)d  in  this  investif^tion,  and  for  cordite. 
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Table  II. — Uniform  Rifling,  Amide  Powder. 


Total  prefmre  B 
tween  dririDg  lur- 
fkOB  of  grooTM  Kod 
ring  of  projeotaUa  in 


19-8 
20-7 
19-2 
16-8 
18-7 
11-8 


10  0 

11  0 
12-0 
13 -0 
14  0 
14-4 
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The  carve  atovra  on  p.  413  exhibits  for  the  charges  oaed  and 
explosiveB  I  haye  named  the  results  of  these  experimentt,  ud, 
employing  these  values,  the  following  tables  give  for  aniform  ud 
parabolic  riSiug  the  value  of  R,  that  is,  the  pressure  tending  to 
give  rotation  calculated  from  formolfe  (1)  and  (2).  Thej  alsogiTe 
the  pressnre  acting  on  the  base  of  the  shot,  and  the  velocity  in  the 
bore. 


Table  III.- 

-Parabolic  RiSing,  Amide  Powder. 

Total  preuura  B  between 

Ti»»el  of  shot 

Total  preuur«  on 

Velocity, 

driring  eurface  of  groora 

bsM  of  shot  in  torn. 

and  rin^  of  ptojectile 

0-5 

2647 

S4S 

7-9 

1-0 

264-0 

9 

7 

5 

245 

0 

1064 

10 

a 

0 

207 

9 

1224 

10 

5 

6 

175 

7 

1843 

10 

6 

0 

160 

7 

1437 

10 

4 

0 

115 

2 

1677 

10 

6 

0 

94 

9 

1680 

10 

8 

0 

6 

11 

0 

60 

6 

1B2S 

11 

4 

0 

60 

0 

1884 

11 

6 

0 

62 

1031 

11 

8 

0 

44 

8 

1970 

11 

9 

a 

38 

i 

2004 

12 

0 

0 

32 

9 

2032 

12 

a 

2B 

4 

2056 

12 

3 

24 

3 

207a 

12 

u. 

22-6 

2084 

12  1                        1 
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The  valnes  of  R  as  given  in.  the  last  columns  of  the  above  tables 
re  grspbicall;  shown  on  p.  414;  and  from  a  compariaon  of  the  two 
nrres  it  will  be  reodilj'  seen  that,  although  the  tnaximnm  pressure 
letween  the  driving  surfaces  is  not  so  high  with  the  parabolic  as 
rith  the  nniform  rifling,  yet,  as  has  been  pointed  out  hj  Professor 
)Bbonie  Rejuolds,  the  mean  driving  preaaure  is  with  the  parabolio 
ifling  coDsiderablj'  higher,  and  as  the  energy  absorbed  by  the  friction 
letween  the  driving  surfacea  is  approximately  proportional  to  the 
nean  driving  presanres,  the  loss  of  energy  with  that  form  of  rifling  is 
ippreciablj  greater  than  with  the  nniform  rifling. 

In  the  experiments  I  am  now  diecnsHing  the  mean  driving  presanre 
thionghont  the  bore  was,  with  the  nniform  rifling,  7'35  tons ;  the 
ooean  toes  of  energy  dne  to  the  uniform  rifling  was  21  ft^-tons;  hence 
;he  coe£Scient  of  the  friction  between  the  driving  surfaces  derived 
irom  these  particniar  experiments  is  ;i  =  0199. 

Again,  with  the  parabolic  rifling,  the  mean  driving  pressure 
hrongfaont  the  bore  is  1106  tons,  and  if  we  had  only  a  similar 
rict  ion  to  consider,  the  loss  of  enei^  with  this  rifling  should  be  pro- 
portioned to  the  pressure.  The  loss,  however,  is  much  higher, 
ouonnting,  in  fact,  to  60  ft.-tons.  Part  of  this  extra  loss  must  be 
kocribed  to  the  continual  alteration  of  form  that  the  copper  driving 
ring  is  subjected  to  in  ita  passage  up  the  bore,*  but  it  aeems  to  be 
loubtf  nl  if  the  whole  of  thia  loss  can  be  ascribed  to  this  cause.  Fart 
nay  possibly  be  aacribed  to  the  ribs  being  continually  forced,  bo  to 
ipeak,  to  ride  on  to  the  sloping  driving  surface  ;  but  the  number  of 
■ounds  in  each  case  being  few,  a  part  may  possibly  be  ascribed  to 

*  The  action  I  refer  to  will  readily  be  undentood  from  the  uineied  diagT&m. 
t  the  thick  linea  represent  the  plan  of  one  of  the  groorea  at  tbe  initial  angle  of  the 
ifling,  the  proJectionB  on  the  driring  ring  will  be  moulded  into  that  form,  and  if 
he  light  lines  repreaent  the  groove  at  its  tenninal  angle  it  irill  be  leen  that  the 
inal  form  of  the  projectiona  on  the  ring  will  be  as  ahavn  bj  the  ahadicg,  while  the 
roaa-hatcbed  portion  represents  the  metal  remoTed  b;  the  action  of  the  driving. 
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Tariations  in  the  energy  developed  in  the  gun.  Yariatioiui  in  eneigj, 
nnder  precisely  similar  conditions,  might  easily  amoont  to  1  or  2 
per  cent.,  or  occasionally  more,  and,  as  will  be  snbseqaently  seen,  ths 
differences  between  the  uniform  and  parabolic  riflingi  although  always 
in  the  same  direction,  are  not  the  same  in  all  the  series,  and  the  masa 
of  the  whole  will  probably  give  the  most  reliable  result. 

Summing  up  the  results  at  which  we  have  so  far  arrived  in  the 
experiments  I  have  discussed,  it  appears  that  the  total  loss  of  energy 
•arising  from  the  fonling  of  pebble  powder  and  &om  the  friotiou  dns 
to  the  parabolic  rifling  together  amounted  to  close  upon  7  per  cenip  of 
the  whole  energy  developed. 

The  third  and  subsequent  eeries  of  experiments  were  made  some 
weeks  later,  and  from  climatic  or  other  causes  there  was  a  slight 
bnt  decided  decrement  in  the  energy  obtained  with  the  amide  powder. 
This  decrement  did  not  in  any  way  afiect  the  experiments  except  that 
the  absolute  values  of  the  energies  at  the  different  dates  are  not 
Btrictly  comparable. 

The  object  of  the  third  series  was  to  ascertain  if  a  narrow  driving 
band  woald  rotate  the  projectile  equally  well,  as  with  an  increasing 
twist  it  is  important,  if  rotation  be  secured,  that  the  breadth  of  tho 
driving  band  be  as  small  as  is  convenient,  and  further,  as  in  the  last 
eeries,  to  ascertain  the  loss  of  energy  due  to  the  uniform  and  para- 
bolic rifling. 

The  results  of  this  third  series  were  as  shown  in  the  following 
table: — 


Table  IV. — Results  of  Experiments  with  Rings  of  Section  **  B." 


Nature  of  rifling. 


No  twist 


Uniform  twist 


Parabolic  twist. 


/ 


Muzzle 
Telooitj. 


{ 
{ 


ft.-BeC8. 

2112 
2104 
2124 

2109 
2094 
2095 

2067 
2066 
2066 


Muzzle 
energies. 


ft. -tons. 
1392 
1381 
1408 

1893 
1873 
1875 

1338 
1887 
1337 


} 
} 
} 


Mean 

muzzle 

Telocities. 


ft.-Becs. 
2113 


Mean 

muzzle 

energies. 


ft.-tons. 
1894 


2099 


2066 


\ 


I 

I 


1380 


1337 


2.] 
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'he  results  of  this  series  confirm  generally  those  of  the  previous 
es.  The  loss  of  energy  due  to  the  friction  of  the  aniform  rifling 
>nnts  to  14  ft.-tons,  or,  a  little  more  than  1  per  cent.,  while  that 

to  friction  and  other  causes  with  the  parabolic  rifling  amonnts  to 
ft.- tons  or  about  4*1  per  cent.,  and  nearly  the  same  as  before. 
)  difference  between  the  uniform  and  parabolic  rifling  should  haye 
Q  less  than  in  the  former  series  ;  as  a  matter  of  fact  it  is  greater, 

this  may  be  accounted  for  by  variations  in  the  powder  as  pre- 
isly  suggested,  as  the  suppression  of  a  single'  round  in  each  of  the 
>  guns  would  make  the  results  in  accordance  with  theory. 
*he  coefi&cient  of  friction  calculated  from  the  uniform  rifling  gives 
=  0133. 

?he  driving  ring  in  this  series  was  amply  sufficient  for  rotative 
poses,  there  not  being  even  with  the  highest  velocity  obtained  the 
'htest  appearance  of  slip  or  undue  wear, 
n  the  fourth  series  the  driving  ring  was  of  the  Gk>vernment  pattern, 

longer,  and  as  is  shown  in  section  ''  C,"  and  the  results  obtained 
■e  as  given  in  the  table. 

Table  V. — Results  of  Experiments  with  Driving  Rings  of 

Section  "  C." 


Nature  of  rifling. 

Muzzle 
Telocities. 

Muzzle 
energies. 

Mean 

muzzle 

Telocities. 

Mean 
muzzle 
energies. 

0  twiflt ..• • 

ft.-sec8. 
r     2111 
<       2114 
1      2114 

f     2092 
'       2082 
L     2088 

1      2068 
\      2066 
L     2071 

ft.-tons. 
1417     1 
1394      * 
1394     J 

1371     1 
1358 
1365     J 

1339     ] 
1337     y 
1843     J 

ft. -sees. 
2120 

2087 
2068 

ft.-tons. 
1402 

1364 

1840 

nif orm  twist 

anbolic  rifling 

'he  loss  of  velocity  due  to  the  uniform  and  parabolic  rifling  is, 
a  these  experimenta,  respectively  33  and  %A  i^.-«ftci&.>  «aA  ^(^\s»& 
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of  energy  respectiyelj  38  and  62  ft.-tona,  or,  expretsed  in  peroentigii, 
2*71  per  cent,  for  the  nniform  rifling  and  4*72  per  cent,  (the  higJuit 
reached)  for  the  parabolic  rifling. 

The  ya]ne  of  ^i,  the  coefficient  of  friction,  calculated  from  the 
nniform  rifling,  is  0*359. 

The  fifth  and  sixth  series  were  fired  with  driving  bands  of  the 
Ooyemment  pattern,  but  with  radii  sncoessiyelj  slightly  increased,  ii 
shown  in  the  diagrams,  and  the  results  are  given  in  the  two  follow- 
ing  tables.  ' 

Table  Yl. — Results  of  Experiments  with  Driving  Rings  of 

Section  "  E." 


Nature  of  rifling. 

Mmile 
velocitieB. 

Muixle 
energiet. 

Mean 

muiile 

velodtiet. 

Meao 

muixIe 

energiei. 

No  twist 

ft.-sec8. 

[2132 

^2124 

[2123 

[2113 

^2115 

1.2114 

[2099 

«{2095 

L2O8I 

ft-tons. 
14181 
1408  1* 
1406  J 

1398"! 
1401  > 
1399  J 

13801 
1375  * 
1356  J 

ft.-Beot. 
2126 

ft-tooi. 
1411 

Uniform  rifling 

Parabolic  rifling 

2114 
2092 

1399 
1370     . 

1 

1892.] 
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Table  VII. — Reaalt  of  Experiment  with  Driving  Rings  of 

Section  "F.'* 


Nature  of  rifling. 

Muzzle 
velocities. 

Muzzle 
energies. 

Mean 
muzzle 
Telocity. 

Moan 

muzzle 

energy. 

N"o  twist  ••«... 

ft.-secs. 

r2112 
'{2141 

[2141 

r2104 
\2\V0 
[2124 

r2093 
-   2099 
[2094 

ft.-tons. 
13921 
1430  1. 
1430  J 

13781 
13S4  V 
1413  J 

1372  1 
1380  > 

1373  J 

ft.-8eC8. 

2131 
2113 
2095 

ft.-tons. 
1417 

1395         i 

i 

1375 

XTnif orm  rifling 

Pkirabolic  rifling 

From  these  two  tables  it  will  be  seen  that  the  loss  of  velocity 
dne  to  the  uniform  and  parabolic  rifling  is,  in  Table  YI,  12  ft.-secs. 
and  64  ft.-secs.  respectively ;  and  in  Table  VII,  18  f t.-secs.  and  36  ft.- 
secs.  respectively ;  these  velocities  corresponding  to  losses  of  energy 
of  12  ft.-tons  and  22  ft.-tons  due  to  the  nniform  twist,  and  41  ft.-tons 
and  42  ft.-tons,  or  abont  3  per  cent.,  dne  to  the  parabolic  rifling. 
Calculated  as  before  from  the  uniform  rifling,  the  coefficients  of  fric- 
tion are  respectively  0*114  and  0208. 

Examining  now  with  respect  to  the  uniform  rifling  the  whole  of  the 
series  I  have  described,  and  observing  that  with  this  rifling  the 
particular  form  or  width  of  the  driving  ring  would  have  but  a  very 
slight,  if  any,  effect  upon  the  loss  of  energy  due  to  friction,  it  will 
be  seen,  from  Table  VlII,  that  the  mean  loss  of  energy  amounts  to  1*52 
per  cent,  of  the  total  energy  corresponding  to  a  mean  coefficient  of 
friction  of  0203,  or,  say,  02. 

If,  as  I  have  pointed  out,  the  loss  of  energy  in  the  parabolic  rifling 
was  proportional  to  the  pressure  on  the  driving  surfaces,  the  additional 
loss  due  to  that  rifling  would  be  0*74  per  cent.  The  actual  additional 
loss  is,  on  the  mean  of  the  whole  of  the  experiments,  about  three  times 
as  great,  the  mean  loss  due  to  parabolic  rifling  being,  as  shown  by 
Table  VIII,  3*78  per  cent.,  and  this  considerable  increment  may  be 
ascribed  to  the  o&naea  I  have  mentioned. 
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Table  VITI. — Showing  the  percentage  of  Loss  of  Energy  due  ic 
Friction  in  the  varioas  Series ;  showing  also  the  Deduced  Value 
of  the  Coefficient  of  Friction. 


Series. 

Loss  due  to 
uniform  rifling. 

Loss  due  to 
parabolic  rifling. 

GoefBcient  of 
friction. 

2 
3 
4 

5 

6 

per  cent. 
1-48 
101 
2-71 
0-85 
1-55 

per  cent. 
4-23 
4  09 
4-72 
2-90 
2-97 

0199 
0183 
0-369 
0  114 
0-206 

Means . . 

1-52 

3-78 

0-203 

It  may  be  worth  while  to  -X  ntion  that,  in  the  groove  formerly  used 
in  the  Service,  the  angle  between  the  normal  to  the  driving  surface 
and  the  radius  could,  without  serious  error,  be  taken  as  =  90*.  lu 
the  groove  adopted  in  the  guns  under  consideration  the  mean  value 
of  h  is  only  about  34°  45',  and  this  difference  in  the  driving  angle 
ncreases  the  value  of  R,  and,  in  consequence,  the  friction,  by  about 
76  per  cent.  It  would  be  interesting  to  make  careful  experiments 
to  ascertain  if  there  be  any  measurable  difference  in  energy  if  an 
angle  more  nearly  approaching  to  90°  were  adopted.  On  account  of 
the  different  length  of  the  radius  of  gyration  in  the  case  of  a  solid 
shot  and  of  a  shell,  the  value  of  R  is  considerably  affected  when 
the  latter  projectile  is  fired.  The  difference  of  values  is  shown  bj 
the  curves  on  p.  414. 

In  nearly  all  the  countries  of  Europe  an  increasing  twist  is  the 
form  of  rifling  usually  adopted  ;  and,  with  such  a  consensus  of  prac- 
tice, it  must  be  assumed  that  some  advantage  is  supposed  to  be  gained 
by  its  use.  There  is,  of  course,  with  the  parabolic  rifling  a  less 
maximum  pressure  on  the  driving  surfaces  ;  but,  as  far  as  energ-y  is 
concerned,  both  theory  and  the  experiments  I  have  detailed  concur  in 
showing  that  there  is  a  distinct  and  very  appreciable  loss  resulting 
from  its  employment.  It  is  quite  possible,  although  I  am  not 
acquainted  with  any  carefully-conducted  experiments  on  the  point, 
that  superior  accuracy  may  be  the  advantage  obtained ;  and  if  this 
were  decidedly  so,  a  loss  of  one  or  two  per  cent,  of  energy  would  not 
be,  perhaps,  a  serious  price  to  pay;  but  as,  without  any  inconvenience, 
the  question  of  accuracy  could  be  easily  settled,  I  trust  that  before 
very  long  this  point  also  may  be  definitely  determined. 

It  only  remains  to  give  the  results  obtained  with  cordite.     At  the 

fime  the  experiments  were  made,  I  had  only  at  my  disposal  a  very 

limited  amount  of  this  explosive,  Btud.  \  ^^.^  c»tA^  \vVc\a  \jci  ^re  one 
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round  in  each  of  the  gnns,  using  the  driving  rings  marked  A,  B,  and 
C.  As  it  wonld  be  useless  to  attempt  to  draw  general  conclasions 
from  single  ronnds,  and  as  in  gnns  of  the  calibre  experimented  with 
the  difference  between  the  driving  rings  is  not  very  marked,  I  have 
treated  the  series  as  if  all  the  rounds  had  been  fired  with  the  same 
driving  ring ;   the  results  are  given  in  Table  IX. 


Table  TX. — Results  of  Experiments  with  Cordite. 


Katore  of  rifling. 

Mnzsle 
yelocities. 

Mnszle 
energies. 

• 

Mean 

muzzle 

yelocities. 

Mean 

muzzle 

energies. 

Vo  twist  .••••••• 

ft.-secii. 
(2177 

*  2171 
L2194 

r2160 
<  2161 
12172 

r2156 

*  2152 
12157 

ft.-tons. 
14797 

1476  1. 
1509  J 

1461  "1 

1462  !► 

1477  J 

14551 
1450  \ 
1457  J 

ft.'Secs. 
2181 

2164 

2155 

ft.-tons. 
1488 

1467 
1454 

TTniform  rifling 

Parabolic  rifling 

"From  the  cordite  experiments,  it  follows  that  the  loss  of  energy  due 
to  the  uniform  rifling  is  21  ft.-tons,  or  1*43  per  cent.,  and  to  the  para- 
bolic rifling  34  ft.-tons,  or  2'3  per  cent. :  the  coefficient  of  friction 
deduced  from  the  loss  of  energy  with  the  uniform  rifling  being  0*199, 
or  nearly  the  same  value  as  was  given  in  Table  VIII. 


HL  '*  On  the  Thermal  Conductivities  of  Crystals  and  other  Bad 
ConductorB."  By  Charles  H.  Lees,  M.Sc.,  late  Bishop 
Berkeley  Fellow  at  the  Owens  College,  Manchester. 
Communicated  by  Professor  Arthur  Schuster,  F.R.S. 
Received  January  22,  1892. 

(Abstract.) 

The  author  commences  by  pointing  out  the  great  differences  be- 
t'ween  the  results  obtained  in  1879  by  G.  Forbes  for  the  con- 
ductivities of  quartz  in  different  directions  and  those  obtained  in 
1883  by  Tuschmidt.  He  then  refers  to  Kundt's  discovery,  that 
the  metals  stand  in  the  same  order  as  conductors,  and  as  to  the 
velocity  of  propagation  of  light  through  theiU)  «ud.  iii^Tx\i\OTi%^^\iS2^ 
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experiments  were  originally  intended  to  furnish  data  for  a  simikr 
comparison  for  crystals,  but  that  their  object  has  been  extended. 

After  some  preliminary  experiments,  he  adopted  the  "  divided  bar" 
method,  which  consists  in  placing  a  disc  of  the  material  the  con- 
ductivity of  which  is  required,  between  the  ends  of  two  bars  of 
metal  placed  coaxially,  heating  one  end  of  the  combination,  and 
observing,  by  means  of  ther mo-junctions  applied  to  the  bars,  the 
distribution  of  temperature  along  them,  first,  with  the  disc  in  position, 
second,  with  the  bars  in  contact  without  the  disc.  When  the  con- 
ductivity of  the  bar  is  known,  these  observations  suffice  to  deter- 
mine that  of  the  disc. 

The  bars  used  were  1*9  cm.  diameter,  and  about  34  cm.  long. 
The  ends  which  came  in  contact  with  the  discs  were  amalgamated, 
as  this  was  found  to  be  the  best  method  of  securing  good  contacts. 
These  bars  were  suspended  horizontally  in  a  frame,  by  means  of 
strings  passing  .over  adjusting  screws,  which  enabled  the  bars  to  be 
set  accurately  in  the  required  position.  The  temperatures  were  found 
by  means  of  a  copper-platinum-silver  junction  applied  to  points  along 
the  bars,  at  which  small  conical  holes  about  0*5  mm.  diameter, 
containing  mercury,  were  placed.  This  junction  was  in  circuit  with 
a  galvanometer,  and  the  circuit  was  so  arranged  that  its  resistance 
could  be  found  by  a  modification  of  Thomson's  bridge  method. 

The  conductivity  of  the  brass  bar  was  determined  before  cutting, 
by  the  method — due  to  Forbes — of  determining  the  loss  of  heat  from 
the  surface  by  allowing  the  bar  to  cool  and  observing  the  change  of 
temperature  with  time,  and  then  observing  the  steady  distribution  of 
temperature  along  the  bar  when  heated  at  one  end. 

The  author  shows  that  change  of  both  the  "internal "  and  **  external " 
conductivities  with  temperature  must  be  taken  into  account  in  the 
equation  for  the  distribution  of  temperature.  He  takes  each  to  be  a 
linear  function  of  the  temperature,  and  finds  finally  the  conductivity 
of  the  bar  to  be  0*27  c.g.s.  unit,  and  to  increase  slightly  with  the 
temperature. 

The  discs  used  were  of  the  same  diameter  as  the  bar,  and  were  of 
various  thicknesses,  in  order  to  make  the  distribution  of  temperature 
throughout  the  bars  nearly  the  same  in  each  case. 

The  following  are  the  results  obtained,  the  conductivities  of  a  few 
other  bodies  being  given,  in  order  to  show  the  positions  of  the  bodies 
experimented  on  amongst  conductors  generally.  No  relation  of  the 
kind  found  by  Kundt  for  metals  seems  to  hold  for  the  crystals 
experimented  on : — 
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'  On  the  Mechanical  Stretching  of  Liquids :  an  Experi- 
nental  Determination  of  the  Vohime- Extensibility  of  Ethyl 
Ucohol."  By  A.  M.  Worthtngton,  M.A.  Communicated 
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(Abstract.) 

er  adverting  to  the  three  known  methods  of  snbjectin^  a  Uc^vd 
ision,  viz.,  (i)  the  method  of  the  inverted  )MffOTii«\AT^  ^\^  ^^« 
I.  ^  ^ 
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centrifDgal  method  devised  by  Osborne  Reynolds,  (iii)  the  method  uf 
c(X)ling  discovered  in  1850  by  Berthelot,  and  pointing  oat  that  the 
fi!*st  two  afford  means  of  measuring  htress  bat  not  strain,  wliile  the 
third  gives  a  measure  of  strain  but  not  stress,  ihe  author  proceeds  to 
c escribe  the  manner  in  which  he  had  used  the  method  of  Berthelot  in 
combination  with  a  new  mode  of  determining  the  stress,  and  had 
succeeded  in  obtaining  simultaueous  measures  of  tensile  stress  and 
strain  for  ethyl  alcohol  up  to  a  tension  of  more  than  17  aimospberus, 
or  255  lbs.  per  square  inch. 

The  liquid,  deprived  of  air  by  prolonged  boiling,  is  sealed  in  a  stroDg 
glass  vessel,  which  it  almost  fills  at  a  particular  tempei'ature,  the 
residual  space  being  occupied  only  by  vapour.  On  raising  the  tem- 
perature, the  liquid  expands  and  fills  the  whole.  On  now  lowering 
the  temperature,  the  liquid  is  prevented  from  contracting  by'  its 
adhesion  to  the  walls  of  the  vessels,  and  remains  distended,  still 
filling  the  whole  and  exei  ting  an  inward  pull  on  the  walls  of  the 
vessel.  The  tension  exerted  is  measured  by  means  of  the  change  in 
capacity  of  the  ellipsoidal  bulb  of  a  thermometer  sealed  into  the 
vessel  and  called  the  **  tonometer."  This  bulb  becomes  slightly  more 
spherical,  and  therefore  more  capacious,  under  the  pull  of  the  liquid, 
and  the  mercury  in  the  tonometer  stem  falls.  .The  tension  correspond- 
ing to  the  fall  is  previously  determined  from  observation  of  the  rise 
produced  by  au  ecjual  pressure  applied  over  the  same  surface. 

The  liquid  is  caused  at  any  desired  instant  to  let  go  its  hold  nnd 
sprincr  back  to  the  unstretched  volume  C(>rresponding  to  its  tempera- 
ture and  to  its  saturated  vnpour-pretsure  by  heatii'g  for  a  moment,  l»y 
means  of  an  electric  current,  a  line  platinum  wire  piissing  transversely 
through  the  capillary  tube  tliat  forms  part  of  the  vessel.  The  spiiee 
left  vacant  .n  the  tube  represents  the  apparent  extension  uncorrected 
for  the  yielding  of  tlie  <i:ljiss  vessel. 

The  measures  obtained  show  that,  within  the  limits  of  observa- 
tional error,  the  stress  and  this  appparent  strain  are  proportional  up 
to  the  highest  tension  reached  ^17  atmospheres)  ;  but,  since  the  small 
yielding  of  the  nearly  rigid  glass  vessel  must  itself  be  proportional  to 
the  stress,  it  follows  that  the  stress  and  absolute  str.iin  are  profwr- 
tional. 

liy  subjecting  the  liquid  to  a  pressure  of  12  atmospheres  iu  the  samt 
vessel^  it  was  found  that  the  apparent  compressibility  was  the  same  as 
the  apparent  extensibility,  whence  it  is  deduced  that  between  pre&- 
sures  of  +12  and  —17  atmospheres  the  absolute  coefficient  of  elasti- 
city is,  within  the  limits  of  observational  error,  constant.  Its  actual 
value  is  best  obtained  by  observations  of  compressibility. 

The    p  iper    concludes    with    a    description    and    explanation    uf  a 
peculiar  phenomenon  of  adhesion  between  two  solids  in  contact  when 
ixzuuersed  iu  a  liquid  tbat  *\h  au\^\eviW^  Ui  'cviwAvivi. 
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February  11,  1892. 
Mr.  JOHN  EVANS,  D.C.L.,  LL.D.,  Treasurer,  in  the  Chair. 
The  Chairman  read  the  followiog  Letter: — 

Whitehall, 

6th  February,  1892. 
Sir, 

I  have  had  the  honour  to  laj  before  the  Qaeen  the  lojal  and  dutiful 
Address  of  the  Fellows  of  the  Kojal  Society  of  London  on  the  occa- 
sion of  the  death  of  His  Royal  Highness  The  Duke  of  Clarence  and 
Avondale,  K.G.,  and  I  have  to  inform  you  that  Her  Majesty  was 
pleased  to  receive  the  Address  very  graciously. 

1  have  the  honour  to  be, 
Sir, 
Your  obedient  Servant, 

Henrt  Matthews. 
The  Treasurer  and  Vice-President  of  the 

Eoyal  Society  of  London, 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 

I.  *'  Note  on  the  Spectrum  of  Nova  Aurigae."     By  J.  NoiiMAN 
LOCKYER,  F.R.S.     Received  February  8,  1892. 

Since  the  observations  of  Wednesday  (Feb.  3),  recorded  in  a  pre- 
liminary note,  the  weather  precluded  any  further  work  till  last  night 
(Feb.  7).  Two  more  photographs  were  taken  and  eye  observations 
made. 

The  photographs,  though  exposed  for  a  shorter  time,  gave  many 
more  lines  than  the  long- exposed  one  on  Wednesday. 

The  bright  lines  at  K,  H,  h,  and  G  are  accompanied  by  dark  lines 
on  their  more  refrangible  sides. 

Addendum.    Received  February  11. 

Eye  Observations, 

On  accoxint  of  continued  bad  weather,  no  further  photographs  or 
observations  of  the  Nora  have  been  obtained  bvhcq  ¥^VkTV]kAbV^  ^.   \x> 
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tlien  appeared  to  be  slightly  brighter  than  on  February  3,  when  tbe 
star  was  first  observed  at  Kensington.  With  the  10-inch  refractor 
and  Maclean  spectroscope,  C  was  seen  to  be  very  brilliant,  and  there 
were  four  very  conspicuous  lines  in  t^e  green.  Several  fainter  lines 
were  also  seen,  and  a  dark  line  was  suspected  in  the  orange.  1 
noticed  that  some  of  the  lines,  especially  the  bright  one  near  F,  on 
tlie  less  refrangible  side,  appeared  to  change  rapidly  in  relatire 
brightness,  and  this  was  confirmed  by  Mr.  Fowler. 

Observations  of  the  spectrum  were  made  by  Mr.  Fowler  with  the 
3-foot  reflector  and  the  Hilger  3-prism  spectroscope.  Of  the  fonr 
most  conspicuous  lines  in  the  green,  F  is  the  most  refrangible,  and 
comparisons  with  burning  magnesium  showed  one  of  them  to  be 
sensibly  coincident  with  the  edge  of  the  magnesium  fluting  at  500*6. 
The  least  refrangible  of  the  four  bright  green  lines  was  found  to  be 
slightly  less  refrangible  than  the  carbon  fluting  near  \  517  ;  it  gives 
no  indications  of  a  fluted  character,  and  further  observations  seemed 
to  suggest  that  it  was  magnesium  6,  unless  there  be  a  very  grest 
change  of  position  due  to  motion  in  the  lino  of  sight.  The  fourth 
line,  which  lies  between  F  and  500*6,  is  about  one- third  of  the  dis- 
tance between  them  from  F,  and  its  wave-length,  assuming  the  star 
to  be  at  rest,  was  estimated  to  be  about  490. 

In  addition  to  these,  the  G  line  of  hydrogen  was  distinctly  visible, 
and  also  a  group  of  lines  between  G  and  F.  The  latter  were  not 
measure  ',  as  th(»y  appear  on  the  photographs. 

Amongst  the  fainter  lines,  one  was  estimated  to  be  near  X  527,  and 
is  probably  the  iron  line  at  E.  By  comparison  with  the  spectrum  of 
manganese  chloride  burninir  in  a  spirit-lamp  flame,  anothcT  line  was 
found  to  be  sensibly  coincident  with  the  edge  of  the  brightest  fluting, 
X  5.57 '6. 

There  was  a  bright  line  a  little  more  refrangible  than  C,  and  the 
J)  line  was  faintly  visible. 

PJiotographs. 

The  first  photograph  was  exposed  from  10.20  to  11.50  p.m  ,  and  the 
second  from  12  to  2  a.m.,  F(?b.  7,  the  6-inch  object-glass  and  prism  bein^^ 
employed  in  each  case.  The  same  number  of  lines  is  shown  in  both 
j)hotographs,  the  sky  not  being  so  clear  during  the  second  as  during 
the  first  exposure.  Twenty  bright  lines  have  been  measured,  and 
their  wave-lengths  are  given  in  the  aeoompanying  table. 

The  table  also  shows  probable  coincidences  with   the  lines   in  the 

spectra   of   the    Wolf-Rayet    stars,    as    photographed     by    Professor 

Pickering;  dark  lines  in  the  Orion  stars,  photographed  at  Kensing- 

ion ;  and  bright  lines  in  the  Orion  nebula,  photogi-aphed  at  VVestgate. 

This  part  of  the  subject  w*\\\  be  d.Vac\i^^e^  va. «».  ^xy\i^^c\}ient  paper. 
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In  addition  to  the  Hues  recorded  in  the  table,  the  photographs  of 
the  spectrum  of  the  Nova  showed  several  lines  more  refrangible  than 
K.  These  have  not  yet  heen  rculuced,  but  thej  probably  include 
some  of  the  ultra-violet  hydrogen  lines. 

All  the  lines  in  the  speclrnm  of  the  Nova  are  broad,  although  in  % 
photograph  of  the  spectram  of  Arcturus,  taken  with  the  same  instm- 
mental  conditions,  the  lines  are  perfectly  sharp.  It  is  important 
to  note  that  the  broadening  of  the  lines  is  not  accompanied  by  any 
falliog  off  of  intensity  at  the  edges,  as  in  the  case  of  the  hydrogen 
lines  in  snch  a  star  as  Sirius.  With  the  method  employed  in  taking 
the  photographs,  loDg  exposures  are  liable  to  result  in  a  thickening 
of  all  the  lines,  on  account  of  atmospheric  tremors.  The  lines  would 
also  be  thick  if  the  Nova  be  hazy,  as  observed  at  Greenwich.  In  the 
photographs,  however,  all  the  lines  are  not  equally  thick. 

If  the  lines  are  similarly  broadened  when  a  slit  spectroscope  is 
employed,  the  effect  must  be  due  to  internal  agitations;  for  if  different 
regions  of  the  Nova  are  moving  with  var}  ing  velocity,  or  with  the 
same  velocity  in  different  directions,  a  normally  tine  line  might  be 
widened,  as  observed  in  the  photographs. 

The  hydrogen  lines  and  the  K  line  of  calcium  are  very  bright,  and, 
as  pointed  out  in  the  note  above,  they  are  accompanied  by  dark  lines 
on  their  more  refrangible  sides.  This  was  previously  noticed  in  the 
photographs  taken  on  February  3,  but  as  the  dark  lines  were  not  very 
conspicuous,  they  were  not  referred  to  until  further  coutirmatioa 
had  been  obtained. 

It  appears  from  a  note  in  the  *  Standard  *  newspaper,  February  10, 
that  dark  lines  have  also  been  observed  on  the  more  refrangible 
sides  of  the  bright  hydrogen  lines  in  the  photographs  taken  at 
Harvard  College  Observatory. 

A  somewhat  similar  phenomenon  has  already  been  recorded  by 
Professor  Pickering,  in  the  case  of  fi  Lvrce,  and  this  has  been  con- 
firmed by  a  series  of  photographs  taken  at  Kensington.  In  this 
case,  the  bright  lines  are  alternately  more  and  less  refrangible  tlian 
the  dark  ones,  with  a  period  probably  corre8p(inding  to  the  known 
period  of  variation  in  the  light  of  the  star.  The  maximum  relative 
velocity  indicated  is  stated  by  Professor  Pickering  as  approximately 
300  English  miles  per  second. 

In  the  case  of  Nova  AurigoB,  the  dark  lines  in  all  four  photog^phs 
taken  at  Kensington  are  more  refi-angible  than  the  bright  ones,  so 
that  as  yet  there  is  no  eviilence  of  revolution.  The  relative  velocity 
indicated  by  the  displacement  of  the  dark  lines  with  respect  to  the 
bright  ones  appears  to  be  over,  rather  than  under,  500  miles  per 
second.     The  reduction  is  not  yet  complete. 

Should  the  photographs  which  may  be  obtained  in  the  future  con- 
tin  ae  to  show  the  dark  lines  d'sp\aeG^  \.o  V^^i^  \xiOT<i  t^^Vc^w^vVsIq  side  of 
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the  bright  ones,  it  will  be  a  valuable  confirmation  of  my  hypothesis 
as  to  the  caoses  which  produce  a  new  star,  namely,  the  collision  of 
two  meteor  swarms.  On  this  supposition,  the  spectrum  of  Nova 
Anrigea  wonld  suggest  that  a  dense  swarm  is  moving  towards  the 
earth  with  a  great  velocity,  and  passing  through  a  sparser  swarm, 
which  is  receding.  The  great  agitation  set  np  in  the  dense  swarm 
wonld  produce  the  dark  line  spectrum,  while  the  sparser  swarm  would 
give  the  bright  lines. 

In  taking  the  first  photograph,  I  was  assisted  by  Mr.  Fowler ;  the 
second  was  taken  by  Messrs.  Fowler  and  Shackleton.  Mr.  Baxandall 
is  responsible  for  the  defcerminition  of  the  wave-lengths  of  the  lines, 
and  Mr.  Shackleton  for  the  determination  (»f  relative  velocity. 


II.  *•  CoiitributionR  to  the  Physiology  and  Pathology  of  the 
Mamiualian  Heart."  (From  the  Cambridge  Pathological 
Laboratory.)  By  C.  S.  RoY,  M.D.,  F.R.S.,  Professor  of 
Pathology,  and  J.  G.  Adami,  M.A.,  M.B.,  Fellow  of  Jesus 
College,  Cambridge.     Received  December  31,  1891. 

(Abstract.) 

Our  communication  begins  by  stating  that  we  have  sought  to  study 
the  action  of  the  Mammalian  heart  in  conditions  (unexcised  and 
intact)  as  nearly  approaching  the  normal  as  we  were  able  to  make 
compatible  with  the  employment  of  exact  methods  of  research.  This 
is  followed  by  a  general  consideration  of  the  difficulties  attendant 
upon  such  a  study,  and  of  the  means  by  which  these  difficulties  may 
be  overcome. 

Under  the  heading  of  Methods  we  describe  a  cardiornefer  which  we 
employed  to  measure  the  contraction  volume  and  the  "  output,"  as 
well  as  the  changes  in  the  volume  of  the  heart  other  than  those  due 
to  its  rhythmic  contractions  and  expansions.  A  description  is  also 
given  of  the  method  of  employing  it,  together  with  a  statement  as  to 
the  degree  of  the  accui*acy  with  which,  according  to  our  experience, 
the  instrument  supplies  information  regarding  the  changes  in  the 
volume  of  the  heart.  We  then  describe  an  automatic  counter,  which 
we  employed  for  measuring  out  and  recording  the  output  of  the 
heart,  as  obtained  by  the  cardiometer. 

This  is  followed  by  a  description  of  our  myocardiographj  which  we 
made  use  of  to  record  the  contractions  and  expansions  of  any  part 
or  parts  of  the  ventricular  and  auricular  walls  without  interfering 
with  the  movements  of  the  heart.  In  most  cases  we  employed  this 
instrnment  to  obtain  simultaneous  records  of  the  contractions  of 
one  auricle  and  one  ventricle.     We  state  a\ao  oux  do\iiy>\A  %&  \x)  >^^ 
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valae  of    observations   made   on  tbe   heart    by   **  button "    Oirdio- 
graphs. 

Section  III  begins  by  a  consideration  of  the  Felationship  between 
the  circumference  of  a  hollow  spherical  mnscle  and  its  cubic  contents, 
this  being  illustrated  by  a  diagram,  and  by  one  or  two  concrete 
examples  with  regard  to  the  bearing  of  this  subject  upon  the  phy- 
siology of  the  ventricles. 

We  then  state  the  relation  between  tbe  internal  circumference  of  a 
hollow  spherical  muscle  and  the  resistance  to  contraction  of  its 
walls.  Reference  is  also  made  to  the  elastic  rcisistance  which  tbe 
heart  wall  itself  offers  to  conti*action,  and  the  bearing  of  this  upon 
the  production  of  negative  pressure  within  its  cavity  under  certain 
conditions. 

We  then  consider  briefly  the  effect  on  the  ventricular  contractions 
of  changes  in  the  bluod  pressure  within  the  systemic  and  pulmonary 
arteries,  pointing  out  how  much  the  heart  has  in  common  with  the 
voluntary  muscles  of  the  body,  and  explaining  why  the  amount  of 
residual  blood  is  liable  to  changes,  concluding  with  a  few  remarks 
upon  "failure  of  the  heart.*' 

In  Section  IV  we  enter  upon  a  study  of  the  effects  of  the  vagus 
nerve  upon  the  heart.  We  begin  with  the  changes  in  the  contraction 
volume,  and  point  out  that,  at  first  sight,  our  curves  seem  to  show 
that,  other  thinpfs  being  equal,  the  volume  of  blood  expelled  at  each 
systole  varies  in  inverse  ratio  to  the  rapidity  of  iiearfc  beat.  We  show, 
however,  that  this  genenil  law  does  not  hold  good  for  va»^us  slowing 
(if,  indeed,  it  be  exact  for  slowing  of  any  kind),  which  is  found  to 
be  accompanied  by  a  lowering  of  the  output;  that,  with  moderate 
slowing,  this  diminution  of  the  output  may  be  as  much  as  30  or  35 
per  cent. 

We  then  s])eak  of  the  increase  in  the  amount  of  residual  blood  in 
the  heart  which  is  produced  by  vagus  excitation,  showing  that  this 
does  not  necessarily  indicate  any  weakening  of  the  ventricular  con- 
tractions. 

We  next  analyse  myocardiographic  records  of  the  action  of  the 
vagns  upon  the  heart,  showing  that  the  auricular  contractions  ai-e 
Aveakencd  or  arrested,  and  noting  that  the  influence  of  the  vagus  upon 
the  force  of  the  auricular  contractions  bears  no  constant  proportion  t<7 
the  vaj^us  slowing.  By  strong  vagus  excitation  or  by  muscarin  the 
auricL-s  may  be  completely  airested,  it  may  be,  for  bom's.  This  com- 
plete arrest  is,  in  some  cases,  led  up  to  by  progressive  weakening,  but 
sometimes  arrest  occurs  immediately  after  fairly  strong  beats,  or  with 
fairly  strong  beats  prescuiing  themselves  at  times  dunng  the  arrest. 
These  latter  cases  may  be  explained  by  weakening  of  the  excitations 
which  reach  the  auricles  from  the  sinus,  although  they  are  possibly 
due  to  diminished  excltabiVwj  ol  t\\fe  ^\it\c\\i^. 
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On  coming  to  the  efftct  of  the  vagi  upon  the  ventricles  we  find  that 
le  distension  of  the  heart  daring  vagus  actions  is  due  to  the  ven- 
ricles  being  more  expanded,  both  in  diastole  and  in  systole.  We  point 
at  that  the  increased  volame  of  the  heart  at  tbe  end  of  systole  is  a 
eoessarj  resalt  of  the  increased  contraction  volumv ,  and  combat  the 
^nelosions  of  those  who  ascribe  it  to  weakening  of  the  ventncular 
intractions,  pointing  oat  that  the  greatly  increased  contractioa 
olame  increases  to  a  corresponding  extent  the  work  done  at  each 
>ntractiou.  We  give  detailed  reasons  fur  concluding  that  this 
iffices  to  explain  the  apparent  diminution  of  the  ventricular  con- 
actions. 

We  then  examine  the  influence  of  the  vagus  upon  the  tonus  of  the 
ilaxed  ventricles,  and  point  out  that  the  great  distension  during 
agus  action  is  due  entirely  to  increased  intra- ventricular  pressure 
aring  diastole,  aud  not,  as  has  been  asserted  by  some,  to  any  change 
L  the  elasticity  of  the  relaxed  ventricular  wall. 
Next,  we  consider  the  cause  of  the  rise  of  venous  (systemic  and 
almonary)  pressure,  and  find  that  this  is  due  not  to  any  increase  in 
le  amount  of  blood  entering  the  veins  in  a  given  time  or  to  ctmtrac- 
on  of  their  walls,  but  that  it  is  to  be  ascribed  to  the  diminished 
iflow  into  the  ventricles. 

The  cause  of  this  diminished  inflow  into  the  ventricles  leading  to 
>rresponding  diminution  of  the  output  is  twofold,  namely,  weaken- 
tg  or  arrest  of  the  auricles,  and,  secondly,  the  elastic  resistance  uf 
le  ventricular  wall  to  distension.  We  show  that  this  explanation 
last  apply  to  both  sides  of  the  heart,  and  that  observed  facts  corre- 
>ond  with  it. 

We  then  consider  the  after-effects  of  vagus  excitation,  and  show 
lat  the  temporary  increase  in  the  output  which  is  eometimes  present 
lay  be  explained  by  a  temporary  increase  in  the  force  of  the  auriculai* 
mtractions,  and  by  the  venous  pressure  taking  some  little  time  to 
kll  after  the  vagus  excitation  has  ceased. 

After  this,  we  examine  the  influence  of  the  vagus  apon  the  heart 
lythm,  and  show  that,  when  the  vagus  excitation  reaches  a  certain 
»gree  (varying  in  different  animals),  the  ventricles  begin  to  beat 
idependently  of  the  sinus  and  auricles ;  that  this  rhythm,  which  is  at 
.*st  slow  and  irregular,  gradually  becomes  fairly  rapid  and  almost 
)mpletely  regular. 

This  rhythm,  we  show,  must  be  looked  upon  as  the  same  as  that 
hich,  as  Wooldridge  and  Tigcrstedt  observed,  makes  its  appearance 
hen  the  ventricles  are  severed  from  the  auricles.  We  point  out, 
)wever,  that  the  independent  ventricular  rhythm  of  vagus  action  is 
laracterised  by  the  slowness  with  which  it  establishes  itself. 
This  characteristic  is  due  to  the  lowering  of  the  excitability  of  the 
tntricles  produced  by  vagas  action,  and  we  add\ice  ^  c.QivsiA^xv^^ 
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number  of  facts  showing  that  the  vagns  does  lower  the  ezcitabilitj  of 
the  ventricles,  and  that,  bj  means  of  mnscarin  and  by  diacontinnoQi 
stimulation  of  the  vagus,  it  is  possible  to  isolate  the  influence  of  the 
vagns  on  the  rhythm  and  force  of  the  auricles  from  its  inflaence 
upon  the  excitability  of  the  ventricles.  The  power  of  the  v&guR  to 
stop  the  ventricles  temporarily  can  only  be  explained  by  this  dimina* 
tion  of  their  excitability. 

Wd  show  that,  with  a  certain  degree  of  vagus  excitation,  irregu- 
larity of  the  ventricles  necessarily  results,  in  consequence  of  the 
sinus  and  the  ideo-ventricular  rhythms  interfering  with  one  another; 
that  this  is  the  common  cause  of  irregularity ;  and  that  irregnlaritj 
may  also  be  caused  by  the  auricles  not  responding  to  all  the  impulses 
which  reach  them  from  the  sinus. 

We  explain  that,  in  rare  instances,  direct  excitation  of  the  vagui 
may  so  lower  the  excitability  of  the  ventricle  that  the  contractions 
may  not  extend  over  tlie  whole  of  their  walls,  and  may  in  this  way 
produce  the  apparent  weakening  which  is  sometimes  met  with. 

In  Section  V  wo  pass  on  to  study  the  effect  of  direct  excitation  of 
the  nenji  augmpntores  (acceleranfes)  upon  the  heart,  and  show  that 
the  acceleration  of  the  rhythm  may  be  extremely  slight  if  the  heart 
be  beating  fast,  and  that  the  acceleration  and  augmentation  of  force 
of  the  heart  bear  no  constant  proportion  to  one  another.  The 
ancfmentor  nerves  increase  the  diastolic  expansion  of  the  auricles  and 
also  increase  tlieir  systolic  contraction ;  hut  these  two  effects  do  not 
go  hand  in  hand. 

Excitation  of  the  angmontors  increa^ses  the  output  of  the  heart, 
owing  to  the  increased  force  and  frequence  of  the  auricular  contrac- 
tions, the  result  of  this  being  that  the  pressures  in  the  systemic  and 
pulmonary  arteries  rise,  while  the  systemic  and  pulmonary  venoM 
pressures  fall.  If  there  be  but  little  quickening,  the  contraction 
volume  of  the  ventricles  is  increased. 

The  anprmentors,  on  direct  stimulation,  cause  a  slight  increase  in 
the  diastolic  expan.sion  of  the  ventricles,  which  is  passive  in  nature 
and  due  to  the  increased  force  of  the  auricular  contraction.  The 
force  of  the  ventricular  contractions  is  increased ;  they  contract  more 
completely,  diminishing  the  amount  of  residual  blood,  in  spite  of  the 
fact  that  the  arterial  pressure  is  usually  somewhat  raised. 

There  are  certain  nerve  fibres  other  than  the  nervi  aitgmenfnre* 
proper  which  pass  from  the  stellate  ganglion  to  the  heart,  some- 
times  by  the  annulus  of  Vieussens  to  the  inferior  cervical  ganglion, 
but  sometimes  as  separate  branches  passing  directly  to  the  heart 
from  the  ganglion  stellatum,  or  the  annulus.  On  peripheral  excita- 
tion of  the  cut  nerves  there  is  marked  weakeninor  of  the  contractions 
both  of  the  auricles  and  of  the  ventricles,  usually  with  some  degnw 
of  slowing,  this  being  BomeUniea  IoWoyi^^  otl  ^^^^3a.\.\Q\i  of  the  excita- 
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lion  by  a  very  well-marked  increase  in  the  force  and  frequence 
of  the  aoricular  and  ventricular  contractions.  They  may  be  vaso- 
constrictors for  the  coronary  vessels,  although  we  give  no  proof  of 
thin. 

There  are  nerve  fibres  which  descend  to  the  heart  by  the  vago- 
sympathetics,  which,  on  excitation  under  certain  conditions,  increase 
the  force  and  frequence  of  beat  of  the  auricles  and  ventricles,  and 
which  may  be  vaso-dilators  for  the  coronary  vessels. 

Kefiez  excitation  of  the  vagus  produces  results  which  are  the 
same  as  those  of  direct  excitation  oi  the  nerve,  and  the  curves  are 
more  typical  and  satisfactory  than  those  obtained  on  direct  excitation 
of  the  nerve. 

Excitation  of  a  mixed  nerve  like  the  sciatic  usually  produces 
effects  on  the  heart  similar  in  kind  to  those  due  to  direct  excitation 
of  the  augmentors,  but  the  phenomena  are  complicated  by  the  greater 
rise  of  the  pressure  in  the  systemic  arteries.  Sometimes  the  increase 
in  force  of  the  ventricle  more  than  counterbalances  this  increased  re- 
sistance to  contraction,  and  the  amount  of  residual  blood  in  the  left 
ventricle  is  reduced ;  in  other  cases  the  increase  in  force  of  the  ven- 
tricalar  contractions  is  not  sufficient  to  counterbalance  the  increased 
resistance,  and  the  residual  blood  in  the  left  ventricle  is  increased. 

In  Section  IX  we  show  that  excitation  of  the  central  end  of  a 
mixed  nerve  like  the  sciatic  or  splanchnic  usually  affects  both  the 
aogmentor  and  vagus  centres  in  the  medulla,  and  that,  in  nearly  all 
cases,  the  augmentor  centre  is  the  more  strongly  excited  of  the  two, 
so  that  angmentor  effects  show  themselves  during  the  excitation,  but 
are  succeeded  by  vagus  action  on  ceasing  to  excite  the  nerve.  In 
many  cases  augmentor  effects  alone  show  themselves.  When  excited 
reflexly  the  augmentor  centre  ceases  to  act  earlier  than  the  vagus; 
the  opposite,  therefore,  to  what  takes  place  with  direct  excitation. 
In  rare  cases  the  excitation  of  the  vagus  centre  may  be  stronger  than 
that  of  the  augmentor  from  the  first.  Although,  in  the  absence  of 
any  augmentor  action,  the  vagus  does  not  reduce  the  force  of  the 
ventricular  systole,  it  does  unmistakably  have  the  power  of  in- 
hibiting the  strengthening  influence  which  the  augmentors  exert  upon 
the  Ventricular  contractions. 

In  Section  X,  upon  the  part  played  by  the  vagus  in  the  economy, 
we  show  that  vagus  excitation  relieves  the  heart  of  work  and  there- 
fore of  waste  to  as  great  an  extent  as  is  compatible  with  a  continua- 
tion of  the  circulation,  and  conclude  that  the  vagus  acts  as  a 
protective  nerve  to  the  heart,  reducing  the  work  thrown  upon  that 
organ  when  from  fatigae  or  other  cause  such  relief  is  required  by  it. 
The  presence  of  fibres  in  the  sciatic  and  other  mixed  nerves  which 
cause  reflex  excitation  of  the  vagus  would  seem  to  indicate  that  this 
nerve  may  be  used  by  other  pai'ts  of  the  body  to  dvoivcLVik  ^Vi^  ^t^- 
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put  of  the  heart  and  lower  the  blood  pressare,  thereby  redncing  the 
activity  of  the  circulation  as  a  whole.  The  inflnenoe  of  the  blood 
pressure  in  the  systemic  arteries  on  the  degree  of  vagns  activitj  and 
the  i^adiness  with  which  the  vagus  centre  is  called  into  play  by 
raising  the  intercranial  pressure  indicate  that  the  vagns  mechanism 
is  specially  employed  in  lowering  the  circulation  so  as  to  limit 
cerebral  congestion.  The  vagas  acts  chiefly  in  the  interests  of  the 
heart  and  central  nervous  system. 

The  power  of  the  vagus  over  the  heart  is  limited,  and  the  ideo- 
ventricalar  mechanism,  which  comes  into  play  when  the  vagus  action 
exceeds  a  certain  limit,  must  be  looked  upon  as  the  means  by  which 
arrest  of  the  circulation  and  death  is  prevented,  whenever  from  any 
cause  the  nerve  exerts  a  maximum  influence.  The  power  of  the 
vagus  to  lower  the  excitability  of  the  ventricles  makes  their  tem- 
porary arrest  possible,  but  this  reduction  of  the  excitability  of  the 
ventricles  cannot  be  kept  up,  no  matter  how  strong  the  stimuli  applied 
to  the  nerve,  for  a  period  long  enough  to  endanger  the  economy. 

In  Section  XI  we  show  that  the  function  of  the  angmentor  in  the 
economy  is  to  increase  the  work  and  tissue  waste  of  the  heart  as  part 
of  the  mechanism  by  which  the  nervous  system  governs  the  circu- 
lation, and  that  the  angmentor  mechanism  sacrifices  the  heart  in 
order  to  increase  the  output  of  the  organ  and  enable  the  ventricles 
to  pump  out  their  contents  against  a  heightened  arterial  pressure. 
Such  excessive  action  of  the  heart  is  limited  by  the  vagus,  which, 
as  we  have  seen,  readily  steps  in  so  soon  as  tlie  call  for  an  increased 
supply  of  blood  has  ceased.  It  may  do  so  earlier,  presumably  because 
the  increased  blood  pressure  or  the  fatigue  of  the  heart  calls  for  vagus 
intervention. 

lu  Section  XII  we  consider  the  mode  of  interaction  of  the  vagi  and 
augmentores ;  we  point  out  that  when  the  vagi  are  paralysed  by  sec- 
tion or  atropin  the  augmentores  have  no  control  over  the  cardiac 
rhythm,  and  that  therefore  they  can  only  act  by  inhibiting  the  influ- 
ence of  the  vagi  on  the  rhythmic  centre  of  the  heart.  When  neither 
nerve  is  acting  on  the  auricles  they  contract  with  a  certain  force, 
WTiich  is  increased  by  the  augmentores  and  diminished  or  inhibited 
by  the  vagi.  The  force  of  the  ventricular  contractions  is  increased 
by  augmentor  action  :  this  increase  can  be  inhibited  by  vagus  excita- 
tion,  which  latter  has  otherwise  no  power  to  reduce  the  strength  of 
ventricular  contractions. 

The  force  of  the  heart's  contractions  is  influenced  by  other  factors 
than  the  vagi,  augmentores,  and  other  nerves.  The  pressure  of  the 
blooil  in  the  coronary  ai'teries  is  one  of  the  most  important  of  these 
factors.  If  this  be  lowered,  the  contractions  of  both  auricles  and 
ventricles  diminish  in  strength,  while  a  rise  of  pressure  in  the 
Sfstemic  arteries  causes  an  mcre«LS^  \\i  V\i^  ^q^^^  of  the  heart's  con- 
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tractions,  so  tbat  the  force  of  the  heart's  contractions  is  to  a  certain 
extent  regalated  antomatically  by  changes  in  the  blood  pressure  in 
the  aorta,  which  is  one  of  the  variable  quantities  afEeotiug  the  work 
of  the  left  ventricle. 

Change  of  the  volume  of  blood  in  the  body  affects  greatly  the  con- 
traction volume  and  output  of  the  heart.  Injections  into  the  veins  of 
a  volume  of  defibrinated  blood  equal  to  one- tenth  of  the  total  blood 
in  the  body  may  doable  the  oatput.  It  is  important  to  note  here 
that  there  is  no  increase  in  the  strength  of  the  ventricular  contrac- 
tions ;  increase  in  the  work,  therefore,  of  the  ventricles  due  to  increase 
in  the  output  has  no  tendency  to  automatically  increase  the  force  of 
the  ventricular  contractions,  as  is  the  case  with  rise  of  pressure  in  the 
systemic  arteries.  We  refer  to  the  bearing  of  this  in  cases  of 
plethora. 

Increase  of  the  watery  constituents  of  the  blood  increases  the  con- 
traction volume  and  outpat  to  the  same  extent  (though  only  tempor- 
arily) as  does  transfusion  of  blood,  but  acts  more  unfavourably  on 
the  heart,  seeing  that  the  work  done  by  the  ventricles  is  increased, 
while  the  nutritive  value  of  the  blood  supplied  to  the  coronaries  is 
dimininhed. 

The  increased  output  of  the  heart  both  in  plethora  and  in  hydraamia 
is  due  to  rise  of  pressure  in  the  systemic  veins  increasing  the  volume 
of  blood  which  enters  the  right  ventricle  during  diastole.  We  refer 
to  the  bearing  of  these  facts  upon  the  treatment  of  chlorosis  and 
heart  disease. 

In  Section  XIY  we  consider  the  limitis  of  the  power  of  the  heart  to 
perform  the  work  thrown  upon  it,  and  show  that  in  strictly  phynio- 
logical  conditions,  and  in  spite  of  the  beaatiful  mechanism  by  which 
the  force  of  the  ventricular  contraction  is  regulated,  the  heart,  like  the 
voluntary  muscles  of  the  body,  is  liable  to  fatigue  when  the  work  thrown 
upon  it  greatly  exceeds  that  required  to  maintain  the  circulation  under 
ordinary  circumstances.  We  take  as  example  the  increased  work 
thrown  upon  the  organ  during  active  muscular  exertion,  and  show 
that  exertion  and  endurance  of  fatigue  are  limited  mainly  by  the 
limited  power  of  the  heart  to  continue  supplying  the  increased 
amount  of  blood  which  is  required  by  the  acting  voluntary  muscles. 
We  show  that  those  luxuries  which  are  forbidden  or  limited  in 
'*  training,"  and  which  are  known  to  hinder  prolonged  exertion,  such 
as  water,  alcohol,  tobacco,  caffein,  all  directly  weaken  the  force  of  the 
heart's  contractions,  and,  in  the  case  of  water,  place  the  organ  under 
a  disadvantage ;  also  that  fatigue  of  the  heart  leads  to  dilatation  of 
the  organ. 

On  comparing  the  power  of  fatigued  ventricles  to  carry  on  increased 
work,  as  compared  with  well-nourished  unfatigaed  ventricles,  it  is 
found  that  not  only  ia  the  strengthening  eiiec^  ol  xIiqla  vci^\si'^viX?^x 
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nerves  upon  the  indiyidaal  contractions  less  in  the  former  case,  but 
aUo  that  the  fatigaed  and  therefore  dilated  heart  is  per  se  nnfavour- 
ably  placed  for  meeting  increase  in  the  work  thrown  npon  it.  An 
explanation  is  given  of  the  reason  why  in  heart  disease  failure  takes 
place  during  exertion. 

The  part  played  by  the  vagus  in  protecting  the  diseased  heart  from 
harmful  over- work  is  referred  to,  and  it  is  shown  that  irregularity  of 
the  heart  in  disease  may  be  explained  by  the  mode  in  which  this 
nerve,  when  acting  powerfully,  releases  the  ventricles  from  the  con- 
trol of  the  rhythmic  centre  in  the  sinus.  The  chief  forms  of  rhythmic 
and  arrhythmic  irregularity  are  considered,  and  it  is  shown  that  these 
correspond  with  the  forms  of  irregularity  which  can  be  produced  by 
vagQs  action.  The  irregular  heart  expends  more  energy,  and  its 
tissues  therefore  are  more  wasted,  for  a  given  amount  of  work  than 
the  heart  which  is  beating  regularly. 

The  effect  upon  the  heart  of  imperfect  aeration  of  the  blood  is,  first 
of  all,  to  produce  powerful  vagus  action  from  the  medullary  centre; 
this  is  usually,  though  not  always,  accompanied  in  curarised  animals 
by  diminution  of  the  outpat  of  the  heart.  But  reasons  are  given  for 
assuming  that  the  output  would  be  increased  in  uncurarised  animals, 
owing  to  the  high  venous  pressure  which  results  from  struggling. 
Desides  the  vagus  action,  it  can  be  shown  that  asphyxia  causes  pro- 
gressive weakening  both  of  the  auricles  and  of  the  ventricles,  and 
attention  is  drawn  to  the  fact  that  the  considerable  rise  of  pressure 
in  the  systemic  arteries  in  asphyxia  is  accompanied  by  vagus  effects 
npon  the  heart,  and  not  by  augmentor  action,  as  is  the  case,  so  far 
OS  we  know,  in  all  other  instances  in  which  the  vaso-constrictor 
centre  is  excited  in  the  normal  individaal. 

It  is  noted  that  the  change  in  the  heart  and  circulation  which  takes 
]>lace  during  asphyxia  points  to  the  conclusion  that,  when  the  total 
amount  of  oxygen  in  the  blood  is  lowered,  it  is  for  the  benefit  of  the 
economy  that  those  organs,  such  as  the  central  nervous  system,  whose 
continuous  blood  supply  is  a  vital  necessity,  should  be  richly  furnished 
with  blood  by  constriction  of  the  vessels  of  the  spleen,  kidney,  and 
digestive  system,  whose  blood  supply  can  be  cut  off  temporarily  with- 
out danger  to  life,  and  also  that  the  heart  should  carry  on  the  circu- 
lation in  a  manner  involving  as  little  as  possible  waste  of  its  own 
substance.  This,  as  we  have  seen,  it  is  the  function  of  the  vagus 
ijorve  to  bring  about. 
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Nos.  858-860,  866,  874.     8vo.     Washington  1891. 

The  Scnithfioniau  lii&utMi\<Nvw. 
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Observations  and  Reports. 

Berlin : — Konigl.  Stemwarte.  Circular  znm  Berliner  Asircma- 
mischen  Jahrbuch.     Nr.  335.     8vo.     Berlin  1891. 

The  Observatorj. 

Brisbane : — Queensland  Post  and  Telegraph  Department.  Meteo- 
rological Branch.  Weather  Charts  of  Australasia,  1890. 
[Sheets.]     Brisbane.  The  Department. 

Rcigistrar- General's   Office.      Preliminary  Statement  of  Gensos 
for  the  Year  1891.     Folio.     Brisbane.  The  Office. 

Oftdiz: — Observatorio  de  Marina  de  San  Fernando.  Almanaqoe 
Ndutico  para  1803.     870.     Madrid  1891.         The  Obsenratorj. 

Edinburgh : — '*  Challenger  "  Office.  Report  of  the  Scientific  Besnlts 
of  the  Voyage  of  H.M.S.  "  Challenger."  Deep-S€>a  Deposits. 
4to.     London  1891.  H.M.  Stationery  Office. 

India: — Geological  Survey.  Records.  Vol.  XXIV.  Part  4.  8to. 
Calcutta  1891.  The  Survey. 

London: — Admiralty.  Hydrographic  Department.  LongitudeSf 
Western  Australia.     1890-91.     Folio.     London. 

The  Department. 
Meteorological  Office.  Weekly  Weather  ReporU.  Vol.  VIII. 
No.  52.  With  Appendices.  4to.  London  1891 ;  Ditto. 
Vol.  IX.  Nos,  1-4.  4to.  London  1892;  Summary  of  the 
Observations  made  at  the  Stations  included  in  the  Daily  and 
Weekly  Weather  Reports.     April,  1891.     4to.     London. 

The  Office. 

Melboame: — Observatory.  Monthly  Record.  July — Auj^ust,  1891. 
8vo.     Melbourne.  The  Observatory. 

Missouri : — Geological  Survey.  Bulletin.  No.  5.  8vo.  Jefferson 
City  1891.  The  Survey. 

Paris  : — Ponts  et  Chaussees.  Service  Hydrometrique  du  Bassin  de 
la  Seine.  Observations  snr  les  Cours  d*Eau  et  la  Plaie. 
Annee  1890.  Folio.  Versailles  [1891];  Resume  des  Observ»- 
tions  Centralisees  pendant  I'Annee  1890.  8vo.  Versailles 
1891.  M.  le  Conductenr  des  Ponts  et  Chaussees. 

Sydney: — Observatory.  Meteorological  Observations.  July  — 
August,  1891.    8vo.     [Sydney.]  The  Observatiiry. 

Tiflis  : — Physikalisches  Observatorium.  Beobaclitungen  der  Tem- 
peratur  des  Erdbodeus.  1884-85.  8vo.  Tiflis  1886,  1891  ; 
Magnetische  Beobachtangen.  1890.  Meteorologische  Beobach- 
tungen.     1890.     8vo.     Tiflis  1891.  The  Observatory. 

Wtishington  : — U.S.  Commission  of  Fish  and  Fisheries.  Report. 
1887.     8vo.     Washingtofi  1891.  The  Commission. 

Wind.sor,  N.S.W. :— Report  of  Mr.  Tebbutt's  Observatory.  1890. 
8vo.  Sydney  1891.  With  Pamphlet  on  the  Sydney  Observa- 
tory.    8vo.     1891.  Tl\e  Observatory-. 
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Journals. 
AmericaTi  Journal  of  Philology.     Vol.  XII.     No.  3.     8vo,    Balti- 
more 1891.  The  Editor. 
Annales  Hydrographiqaes.     Ser.  2.     Ann^  1891.     Vol.  II.     8yo. 
Paris,                               Service  Hjdrographiqae  de  la  Marine. 
Astronomy  and  Astro- Physics.    No.  lOl.     8vo.     Northfield  (Minn.) 
1892.                                                                            The  Editors. 
Ateneo  Veneto  (L')    Ser.  14.    Vol.  II.    Pasc.  1-6.    Ser  15.    Vol.  I. 
Pasc.  1-6.     870.     Venezia  1891.                  The  Istitato  Veneto. 
Boletin  de  Minas.     Ano  7.     Num.  10.     4to.     Lima  1891. 

La  Escaela  Especial  de  Ingenieros,  Lima. 

Canadian  Record  of  Science.    Vol.  IV.     No.  8.     8vo.     Montreal 

1891.  Natural  History  Society,  Montreal. 

Eptgraphia  Indica  and  Record  of  the   Arcliesological   Survey  of 

India.     Vol.  L     Part  8.    4to.     Caloutta  1891. 

The  Government  of  India. 
Hazeirs  Annual  for  1892.     8vo.     London  1891. 

Messrs.  Hazel  1,  Watson,  and  Viney. 

Jonmal  of  Comparative   Neurology.      Vol.   I.     December,   1891. 

8vo.     Cincinnati.  The  Editor. 

Mittheilangen  aus  der  Zoologischen  Station  zu  Neapel.     Band  X. 

Heft  2.     8vo.     Berlin  1891.  The  Station. 

Monitore  Zoologioo  Italiano.    Anno  2.    No.  12.    8vo.    ^renj^e  1891. 

Istituto  Anatomico,  Florence. 
Morskoi  Sbornik.   [Russian,']  1891.   Nos.  3-9.    8vo.    8t.  Petersburg. 

Compass  Observatory,  Cronstadt. 
Nature  Notes.     Vol.  III.     Nos.  25-26.     8vo.    London  1892. 

The  Editor. 

Revista  Argentina  de  Historia  Natural.    Tomo  I.    Entrega  6.    8vo. 

Buenos  Aires  1891.  Dr.  Plorentiwo  Ameghino. 

Revista  del  Museo  de  La  Plata.     Tomo  I.     bvo.    La  Plata  18i^0-91. 

The  Museum. 

Revista  do  Observatorio.     Anno  6.     No.  11.     8vo.     Bio  de  Janeiro 

1891.  The  Observatory,  Rio  de  Janeir*>. 

Revue   Medico-Pharmaceutique.      1891.      Nos.  11-12.   •  4to.  Con- 

stantimple.  The  Editors. 

Skandinavisches  Archiv.     Bd.  I.     Heft  1-2.     8vo.     Lund  1891. 

The  Editor. 
Year-Book  of  Australia.     1886,  1889-90.     8vo.     London. 

Messrs.  Kegan  Paul,  Trench,  Tnibner,  and  Co. 
Year-Book  of  Pharmacy.     1891.     8vo.     London. 

British  Pharmaceutical  Conference. 
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Carael    (T.)     Epitome  FlorsB  Earopsd.     Faso.  1.     MoDoootyledonei. 
8vo.     FlorenticB  1892.  Tbe  Author. 

Fajrer  (Sir  J.),  F.R.S.     Presidential  Address,  International  Gongren 
of  Hygiene  and  Demography,  1891.     8vo.     London  [1892]. 

The  Antbor. 
Roscoe  (Sir  H.  E.),  F.R.S.,  and  C.  Schorlemmer,  F.R.S.     A  Treatise 
on  Chemistry.     Vol.  III.  Part  VI.     8vo.     London  1892. 

The  AntboTB. 


Map  of  England  showing  Lines  of  Equal  Magnetic  Declination  for 
January  1,  189*2.  The  Editor,  *  Colliery  Gaardian.* 

Rednced  Photograph  of  Map  showing  the  Points  of  Earthquake 
Frequency  in  New  Zealand.  Mr.  George  Hogben,  Timara. 


February  18,  1892. 

The  LORD  KELVIN,  D.C.L.,  LL.D.,  President,  in  the  Chair. 

A  List  of  the  Presents  receiyed  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read  : — 

I.  "The  Nature  ol  the  Shoulder  Girdle  and  Clavicular  Arch 
in  Sauropterygia."  By  H.  G.  Seeley,  F.R.S.  Received 
Januaiy  18,  1892. 

[Publication  deferred.] 


II.  **  On  the  Origin  from  the  Spinal  Cord  of  the  Cervical  and 
Upper  Thomcic  Sympathetic  Fibres,  with  some  Observa- 
tions on  White  and  Grey  Kami  Communicantes."  By  J.  N. 
Langley,  M.A.,  F.R.S.,  Fellow  and  Lecturer  of  Trinity 
College,  Cambridge.     Received  Januaiy  20,  1892. 

(Abstract.) 

The  experiments  of  which  an  account  is  given  in  this  paper  were 

made  upon  auBBsthetised  cats,  dogs,  and  rabbits.     The  lower  cervical 

&nd  upper  thoracic  nervea  Yjexe  t\^^,  e^\.,  ^'lA  ^XivrocviWAd  in  the 
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Teriebral  canal,  and  the  effects  of  the  stimulation  observed.  The 
reaolts  were  as  follows : — 

None  of  the  lower  cervical  nerves  produces  any  of  the  efPects 
which  cati  be  produced  by  stimulating  the  upper  thoracic  or  cervical 
sympathetic ;  t.0.,  the  lower  cervical  nerves  send  no  efferent  visceral 
fibres  to  the  sympathetic. 

The  pupil  receives  dilator  fibres  from  the  Ist,  2nd,  and  3rd  thoracic 
nerves.  The  relative  effect  of  these  nei'ves  upon  the  pupil  varies 
somewhat  in  different  animals  of  the  same  species,  and  varies  con- 
siderably in  animals  of  different  orders.  In  the  cat  and  dog,  both 
the  Ist  and  2nd  thoracic  nerves  cause  great  dilation  of  the  pupil ;  in 
the  cat,  as  a  rule,  the  1st  produces  greater  dilation  than  the  2nd 
thoracic,  but  this  is  not  always  the  case,  and  sometimes  the  2nd  is 
more  powerful  than  the  1st  thoracic  nerve ;  the  3rd  thoracic  nerve 
has  a  comparatively  slight  action,  and  the  extent  of  its  action  varies  : 
in  some  cases  the  dilation  produced  by  it  is  readily  observed,  in  others 
it  requires  special  attention.  In  the  i*abbit,  the  2nd  thoracic  nerve  is 
the  chief  dilator  nerve  for  the  pupil ;  the  3rd  thoracic  nerve  produces 
a  considerable  dilation,  but  less  promptly  than  the  2ud;  the  1st 
thoracic  has  the  least  action  of  the  three,  and  in  some  cases  has  a 
very  slight  effect. 

The  nerve-fibres  causing  retroaction  of  the  nictitating  membrane  and 
opening  of  the  eyelids  have  in  the  dog  and  rabbit  the  same  origin  as 
the  dilator  fibres  for  the  pupil.  In  the  cat,  their  origin  is  somewhat 
more  extended ;  a  few  fibres  arise  from  the  4th  thoracic  nerve,  and 
occasionally  a  very  few  from  the  5th  thoracic  nerve. 

The  vatto-motor  fibres  for  the  A^o^*  arise  in  the  cat  from  the  first  five 
thoracic  nerves,  in  the  dog  from  the  first  four,  and  probably  to  a 
slight  extent  also  from  the  5th.  The  1st  thoracic  nerve  has  a  slight  to 
moderate  vaso-motor  effect  in  the  dog,  a  less  and  inconstant  effect  in 
the  cat ;  the  2nd  and  3rd  thoracic  nerves  cause  complete  and  rapid 
constriction  of  the  small  arteries  on  the  same  side  of  the  head ;  the 
4th  thoracic  also  causes  complete  contraction,  but  more  slowly  than 
either  the  8rd  or  the  2nd  :  in  the  dog  its  effect  is  less  than  in  the  cat ; 
the  5th  thoracic  nerve  has  in  the  cat  a  distinct  though  less  effect  than 
the  4th ;  in  the  dog  its  action  is  doubtful. 

In  the  rabbit,  the  vaso-motor  nerves  for  the  ear  arise  from  the  2nd 
to  the  8th  thoracic  nerves  inclasive ;  the  5th  nerve  has  usually  the 
most  rapid  effect ;  passing  upwards  or  downwards,  the  effect  decreases  ; 
the  2ud  and  8th  nerves  usually  cause  complete  constriction  in  a  part 
only  of  the  auricular  artery. 

The  secretory  fibres  for  the  sub-maxiUary  gland  of  the  cat  and  dog 
have  the  same  origin  as  the  vaso-motor  fibres  for  the  head.  The  2nd 
thoracic  causes  secretion  more  readily  than  any  other  nerve. 

^  CertaiD  purts  only  of  the  head  have  Xteeu  o\M«rv«dL, 
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The  cardiac  accelerator  fibres  arise  in  the  oat  from  the  first  four  or 
five  thoracic  nerves ;  the  maximnm  effect  is  obtained  sometimes  from 
the  2Dd  and  sometimes  from  the  3rd  thoracic  nerve  ;  the  Ist  and  the 
4th  thoracic  nerves  have  in  some  animals  a  considerable  accelerator 
action,  in  others  little  or  none ;  the  5th  nerve  appears  occaaioDallj  to 
contain  a  few  accelerator  fibres,  but  farther  evidence  is  desirable. 

Taking  into  account  the  pile- motor  fibres  of  the  cat  and  dog,  it  ii 
seen  that  the  cervical  sympathetic  arises  in  these  animals  from  tlie 
first  seven,  and  in  the  rabbit  from  the  first  eight,  thoracic  nerves ;  tlie 
1st  thoracic  is,  however,  less  represented  in  the  cervical  sympathetic 
of  the  rabbit  than  it  is  in  that  of  the  cat  and  dog. 

Comparing  the  rabbit  with  the  cat  and  dog,  as  regards  sympathetie 
fibres,  which  are  present  in  all,  it  results  that  in  the  cat  and  dog 
the  fibres  of  any  one  kind  are  higher  in  origin,  and  in  some  cases 
present  in  fewer  spinal  nerves,  than  they  are  in  the  rabbit.  In  accord- 
ance with  this,  the  2nd  thoracic  more  frequently  causes  a  movement 
of  the  fore-foot  in  the  rabbit  than  in  the  other  two  animals.  On  the 
whole,  the  sympathetic  fibres  of  any  one  kind  appear  to  be  slightlj 
higher  in  the  dog  than  in  the  cat. 

The  uppermost  white  ramus  communicans  arises  from  the  Itt 
thoracic  nerve ;  the  lowest  in  the  dog  and  cat  arises  usually,  as  de- 
scribed by  Gaskell,  from  the  4th  lumbar  nerve;  occasionally, however, 
the  5th  lumbar  nerve  gives  off  a  white  ramus  to  the  sympathetic. 
Both  in  the  upper  and  lower  regions  of  the  spinal  cord,  there  is 
satisfactory  experimental  evidence  of  efferent  sympathetic  fibres  in 
those  spinal  nerves  which  have  white  rami,  and  in  those  only.  This 
is  in  agreement  with  the  views  of  Gaskell. 

In  the  grey  i-ami,  medullated  fibres  of  greater  diameter  than  4  fi—- 
and,  perhaps,  some  of  the  smaller  ones — are  probably  afferent  fibres, 
which  pass  to  the  spinal  cord  by  the  white  rami. 

A  comparison  of  the  histological  characters  and  of  the  reflex  effects 
yielded  by  various  parts  of  the  sympathetic,  by  the  depressor,  and  bj 
the  nervus  erigens,  affords  strong  evidence  that  a  considerable 
number  of  the  medullated  fibres  of  larger  diameter  than  4  /t,  although 
afferent,  are  not  fibres  of  general  sensibility. 

In  the  course  of  the  paper  the  results  of  previous  observers  are 
given  and  discussed. 

III.  "  On  the  Relative  Densities  of  Hydrogen  and  Ox^  gen.  II.** 
By  Lord  Rayleigh,  Sec.  R.S.  Received  Febniary  5, 
181)2. 

In  a  preliminary  notice  upon  this  subject,*  I  explained  the  pro- 
ct'dure    by  which  I  found    as  the  ratio    of   densities   15  884.      The 

•  '  Roy.  Soc.  Ptoc.;  'voV.  ^a,^.^^,^«\iT^^swrs  A^»«». 
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fdrogen  was  prepared  from  zino  and  snlphnric,  or  from  zinc  and 
jrdrochloric,  acid,  and  was  liberated  npon  a  platinum  plate,  the 
dnerator  being  in  fact  a  Smee  cell,  enclosed  in  a  vessel  capable  of 
istsining  a  vacuum,  and  set  in  action  bj  closing  the  electric  circuit 
\  an  external  contact.  The  hydrogen  thus  prepared  was  purified  by 
irrosive  sublimate  and  potash,  and  desiccated  by  passage  through 
long  tulbe  packed  with  phosphoric  anhydride.  The  oxygen  was 
om  chlorate  of  potash,  or  from  mixed  chlorates  of  potash  and  soda. 
In  a  subsequent  paper  on  the  Composition  of  Water,*  I  attacked 
le  problem  by  a  direct  synthesis  of  water  from  weighed  quantities  of 
le  two  component  gases.  The  ratio  of  atomic  weights  thus  obtained 
as  15*89. 

At  the  time  when  these  researches  were  commenced,  the  latest 
ork  bearing  upon  the  subject  dated  from  1845,  and  the  number  then 
icepted  was  15*96.  There  was,  however,  nothing  to  show  that  tbe 
ue  ratio  really  deviated  from  the  16 : 1  of  Front's  law,  and  the 
jkin  object  of  my  work  was  to  ascertain  whether  or  not  such  devia- 
on  existed.  About  the  year  1888,  however,  a  revival  of  interest  in 
lis  question  manifested  itself,  especially  in  the  United  States,  and 
veral  results  of  importance  have  been  published.  Thus,  Professor 
ooke  and  Mr.  T.  W.  Richards  found  a  number  which,  when  cor- 
cted  for  an  error  of  weighing  that  had  at  first  been  overlooked, 
)came  15*869. 

The  substantial  agreement  of  this  number  with  those  obtained  by 
yself  seemed  at  first  to  settle  the  question,  but  almost  immediately 
'terwards  there  appeared  an  account  of  a  research  by  Mr.  Keiser, 
ho  used  a  method  presenting  some  excellent  features,  and  whose 
suit  was  as  high  as  15*949.  The  discrepancy  has  not  been  fully 
[plained,  but  subsequent  numbers  agree  more  nearly  with  the  lower 
due.  Thus,  Noyes  obtains  15*896,  sind  Dittmar  and  Henderson  give 
r866. 

I  had  intended  further  to  elaborate  and  extend  my  observations 
I  the  sj^nthesis  of  water  from  weighed  quantities  of  oxygen  and 
^drogen,  but  the  publication  of  Professor  E.  W.  Morley*s  masterly 
searches  upon  the  '*  Volumetric  Composition  of  Water  *'t  led  me  to 
lo  conclusion  that  the  best  contribution  that  1  could  now  make  to 
e  subject  would  be  by  the  further  determination  of  the  relative 
»nsities  of  the  two  gases.  The  combination  of  this  with  the  number 
0002,^  obtained  by  Morley  as  the  mean  of  astonishingly  concordant 

•  •  Eoy.  Soo.  Proo./  vol.  45,  p.  425,  February,  1889. 

t  '  Amer.  Joiim.  Sci./  March,  1891. 

t  It  should  not  be  overlooked  that  this  number  is  difficult  to  reconcile  with 

xm%  generally  held  as  to  the  applicabiUty  of  Avogadro's  law  to  very  rare  gases. 

om  what  we  know  of  the  behariour  of  oxygen  and  hydrogen  gases  under  com- 

sssion,  it  seems  improbable  that  volumes  which  are  m  %*QCy^  \\  ^i^os^ftx  %Xssi^< 
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individnal  ezperimenis,  would  give  a  better  result  for  the  atomic 
weights  than  any  I  coald  hope  to  obtain  directly. 

In  all  work  of  this  sort,  the  errors  to  be  contended  with  maj  be 
classed  as  eitlier  systematic  or  casual.  The  latter  are  eliminated  by 
]*epetition,  and  are  usually  of  no  importance  in  the  final  mean.  It  is 
systematic  errors  that  are  most  to  be  dreaded.  But  although  directly 
of  but  little  account,  casual  errors  greatly  embarrass  a  research  bj 
rendering  difficult  and  tedious  the  detection  of  systematic  errors. 
Thus,  in  the  present  case,  almost  the  only  source  of  error  that  ctn 
prejudice  the  final  result  is  impurity  in  the  gases,  especially  in  the 
hydrogen.  The  better  the  hydrogen,  the  lighter  it  will  prove ;  but 
the  discrimination  is  blunted  by  the  inevitable  errors  of  weighing. 
After  perhaps  a  week's  work  it  may  become  clear  that  the  hydrogen 
is  a  little  at  fault,  as  happened  in  one  case  from  penetration  of 
nitrogen  between  the  sealed-in  platinum  electrodes  and  the  glass  of 
the  generator. 

Another  difficulty,  which  affects  the  presentation  of  results,  tnns 
upon  the  one-sided  character  of  the  errors  most  to  be  feared.  As 
has  been  said,  impure  hydrogen  can  only  be  too  heavy,  and  another 
important  source  of  error,  depending  upon  imperfect  establislimeutof 
equilibrium  of  pressure  between  the  contents  of  the  globe  and  the 
external  atmosphere,  also  works  one-sidedly  in  the  same  direction. 
The  latter  scarce  of  error  is  most  to  be  feared  immediately  after  a 
re-greasing  of  the  tap  of  the  globe.  The  superfluous  grease  finds  its 
way  into  the  perforation  of  the  plug,  and  partially  blocks  the  passage, 
so  that  the  six  minutes  usually  allowed  for  the  escape  of  the  initial 
excess  of  pressure  in  the  globe  may  become  inadequate.  Partly 
from  this  cause  and  partly  from  incomplete  washing  out  of  nitrogen 
from  the  generator,  the  first  tilling  of  a  set  was  so  oft<;n  found  ab- 
nonnally  heavy  that  it  became  a  rule  in  all  cases  to  i*eject  it.  From 
these  and  other  causes,  such  as  accidental  leakages  not  discovered  at 
the  time,  it  was  difficult  to  secure  a  set  of  determinations  in  which 
the  mean  really  represented  the  most  probable  valoe.  At  the  same 
time,  any  urbitrary  rejection  of  individual  results  must  be  avoided  as 
far  as  possible. 

In  the  present  work  two  objects  have  been  especially  kept  in  view. 
The  first  is  simplicity  upon  the  chemical  side,  and  the  second  the  use 
of  materials  in  such  a  form  that  the  elimination  of  impurities  goes 
forward  in  the  normal  working  of  the  process.  When,  as  in  the 
former  determinations,  the  hydrogen  is  made  from  zinc,  any  im- 
purity which  that  material  may  contain  and  communicate  to  the  gas 
cannot  be  eliminated    from   the    generator ;    for    each    experiment 

Kpheric  conditions  would  remain  aa  2  :  1  upon  indefinite  expansion.     According  to 
the  {ormvikk  of  Van  der  WaaU,  a  greater  change  than  this  in  the  ratio  of  volamei 
is  to  be  expected. 
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briDgB  into  play  a  fresh  qnantitj  of  zinc,  with  its  accompanying  con- 
tamination. Moreover,  the  supply  of  acid  that  can  be  inclnded  in 
one  charge  of  the  gCDorator  is  inadequate,  and  good  results  are  only 
obtained  as  the  charge  is  becoming  exhausted.  These  difficulties  are 
aToided  when  zinc  is  discarded.  The  only  material  consumed  during 
the  expenments  is  then  the  water,  of  which  a  large  quantity  can  be 
included  from  the  first.  On  the  other  hand,  the  hydrogen  liberated 
in  necessarily  contaminated  with  oxygen,  and  this  must  be  removed 
by  copper  contained  in  a  red-hot  tube.  In  the  experiments  to  be 
described  the  generator  was  charged  with  potash,*  and  the  gases 
were  liberated  at  platinum  electrodes.  In  the  case  of  a  hydrogen 
filling  the  oxygen  blew  off  on  one  side  from  a  mercury  seal,  and  on 
the  other  the  hydrogen  was  conveyed  through  hot  tnbes  containing 
copper.  The  bulk  of  the  aqueous  vapour  was  deposited  in  a  small 
flask  containing  strong  solution  of  potash,  and  the  gas  then  passed 
over  solid  potash  to  a  long  tube  packed  with  phosphoric  anhydride. 
Of  this  only  a  very  short  length  showed  signs  of  being  affected  at  the 
close  of  all  operations. 

With  respect  to  impurities,  other  than  oxygen  and  oxides  of 
hydrogen,  which  may  contaminate  the  gas,  we  have  the  following 
alternative.  Either  the  impurity  is  evolved  much  more  rapidly  than 
in  proportion  to  the  consumption  of  water  in  the  generator,  or  it  is  not. 
If  the  rate  of  evolution  of  the  impurity,  reckoned  as  a  fi*action  of  the 
quantity  originally  present,  is  not  much  more  rapid  than  the  corre- 
spondingly reckoned  consamption  of  water,  the  presence  of  the  im- 
purity will  be  of  little  importance.  If  on  the  other  hand,  as  is 
probable,  the  rate  of  evolution  is  mach  more  rapid  than  the  con- 
sumption of  water,  the  impurity  is  soon  eliminated  from  the  residue, 
and  the  gas  subsequently  generated  becomes  practically  pure.  A 
similar  argument  holds  good  if  the  source  of  the  impurity  be  in  the 
copper,  or  even  in  the  phosphoric  anhydride  ;  and  it  applies  with  in- 
creased force  when  at  the  close  of  one  sot  of  operations  the  generator 
is  replenished  by  the  mere  addition  of  water.  It  is,  however,  here 
assumed  that  the  apparatus  itself  is  perfectly  tight. 

Except  for  the  reversal  of  the  electric  current,  the  action  of  the 
apparatus  is  almost  the  same  whether  oxygen  or  hydrogen  is  to  be 
collected.  In  the  latter  case  the  copper  in  the  hot  tubes  is  in  the  re> 
doeedy  and  in  the  former  case  in  the  oxidised,  state.  For  the  sake  of 
distinctness  we  will  suppose  that  the  globe  is  to  be  filled  with 
hydrogen. 

The  generator  itself  (fig.  1)  is  of  the  U-^^rm,  with  unusually  long 
branches,  and  it  is  supplied  from  Grove  cells  with  about  3  amperes 
of  electric  current.     Since  on  one  side  the  oxygen  blows  off  into  the 

*  At  the  suggestion  of  Professor  Morley,  the  solution  was  freed  from  carbonate, 
or  nearly  so,  by  the  use  of  harjta,  of  which  it  oontMued  a  %\i^\i  exfima. 
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air,  the  prespnre  in  the  generator  is  always  nearly  atmoepheric.  Some 
tronble  has  been  caused  by  leakage  between  the  platinum  electrodei 
and  the  glass.  In  the  lat^r  experiments  to  be  here  recorded  these 
joints  were  drowned  with  mercury.  On  leaving  the  generator  the 
hydrogen  traverses  a  red-hot  tube  of  hard  glass  charged  with  copper,* 
then  a  flask  containing  a  strong  solution  of  potash,  and  afterwards  a 
second  similar  hot  tube.  The  additional  tabe  was  introduced  with 
the  idea  that  the  action  of  the  hot  copper  in  promoting  the  union 
of  the  hydrogen  with  its  oxygen  contamination  might  be  more  com- 
plete after  removal  of  the  greater  part  of  the  oxygen,  whether  in  the 
combined  or  in  the  uncombined  state.  From  this  point  onward  the 
gas  was  nearly  dry.  In  the  earlier  experiments  the  junctions  of  the 
hard  furnace  tubes  with  the  soft  glass  of  the  remainder  of  the  ap- 
paratus were  effected  by  fusion.  One  of  these  joints  remained  in  use, 
but  the  others  were  replaced  by  india-rubber  connexions  drowned  in 
mercury.  It  is  believed  that  no  leakage  occurred  at  these  joints; 
but  as  an  additional  security  a  tap  was  provided  between  the 
generator  and  the  furnace,  and  was  kept  closed  whenever  there  was 
no  forward  current  of  hydrogen.  In  this  way  the  liquid  in  the 
generator  would  be  protected  from  any  possible  infiltration  of 
nitrogen.  Any  that  might  find  its  way  into  the  furnace  tubes  could 
easily  be  removed  before  the  commencement  of  a  filling. 

Almost  immediately  upon  leaving  the  furnace  tubes  the  gas  arrives 

•  The  copper  must  be  free  from  sulphur ;  otherwise  the  contamination  with 
Bixlphuretied  hydrogen  is  BomeYi\i«A>  \>©T«\a\Aii\.. 
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at  a  tap  which  for  diBtinctness  may  he  called  the  regulator.  In  the 
f^nerator  and  in  the  furnace  tuhes  the  pressure  mast  be  nearly  atmo- 
spheric, but  in  the  globe  there  is  (at  the  commencement)  a  vacuum. 
The  transition  from  the  one  pressure  to  the  other  takes  place  at  the 
regulator,  which  must  be  so  adjusted  that  the  flow  through  it  is 
approximately  equal  to  the  production  of  gas.  At  flrst  the  manipula- 
tion of  the  regulator  was  a  source  of  trouble  and  required  almost  con- 
stant attention,  but  a  very  simple  addition  gave  the  desired  control. 
This  was  merely  a  long  wooden  arm,  attached  to  the  plug,  which 
served  both  as  a  lever  and  as  an  indicator.  Underneath  the  pointed 
extremity  was  a  small  table  to  which  its  motions  could  be  referred. 
During  the  first  two-thirds  of  a  filling  very  little  readjustment  was 
needed,  and  the  apparatus  could  be  left  for  half  an  hour  with  but 
little  fear  of  displacing  too  much  the  liquid  in  the  generator.  Towards 
the  close,  as  the  motive  force  fell  off,  the  tap  required  to  be  opened 
more  widely.  Sometimes  the  recovery  of  level  could  be  more  con- 
veniently effected  by  insertion  of  resistance  into  the  electric  circuit, 
or  by  interrupting  it  altogether  for  a  few  minutes.  Into  details  of 
this  kind  it  is  hardly  necessary  to  go  further. 

From  the  regulator  the  gas  passed  to  the  desiccating  tubes.  The 
first  of  these  was  charged  with  fragments  of  solid  potash,  and  the 
aeoond  with  a  long  length  of  phosphoric  anhydride.  Finally,  a  tube 
staffed  with  glass  wool  intercepted  any  suspended  matter  that  might 
have  been  carried  forward. 

The  connexion  of  the  globe  with  the  generator,  with  the  Toppler, 
4nd  with  the  blow-off,  is  shown  in  the  accompanying  fig.  2.  On  the 
morning  of  a  projected  filling  the  vacuous  globe  would  be  connected 
with  the  free  end  of  the  stout-walled  india-rubber  tube,  and  secured 
by  binding  wire.  The  generator  being  cut  off,  a  high  vacuum  would 
be  made  up  to  the  tap  of  the  globe.  After  a  couple  of  hours'  stand- 
ing the  leakage  through  the  india-rubber  and  at  the  joints  could  be 
measured.  The  amount  of  the  leakage  found  in  the  first  two  hours 
was  usually  negligible,  considered  as  an  addition  to  a  globoful  of 
hydrogen,  and  the  leakage  that  would  occur  in  the  hours  following 
would  (in  the  absence  of  accidents)  be  still  smaller.  If  the  test  were 
satisfactory,  the  filling  would  proceed  as  follows  : — 

The  electric  current  through  the  generator  being  established  and 
the  fnmaoe  being  heated,  any  oxygen  that  might  have  percolated  into 
the  drying  tubes  had  first  to  be  washed  out.  In  order  to  do  this 
more  effectiveily,  a  moderate  vacuum  (of  pressure  equal  to  about  I  inch 
of  mercury)  was  maintained  in  the  tubes  and  up  to  the  regulator  by 
the  action  of  the  pump.  In  this  way  the  current  of  gas  is  made  very 
rapid,  and  the  half  hour  allowed  must  have  been  more  than  sufficient 
for  the  purpose.  The  generator  was  then  temporarily  cut  ofP,  and  a 
high  Tacuum  produced  in  the  globe  coniiexVoii  bxl^  vii  V^[i^  >^<v«>^%^ 
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tube,  which,  being  out  of  the  main  current  of  gas,  might  be  supposed 
to  harbour  impurities.  After  this  the  pump  would  be  cut  off,  the 
connexion  with  the  generator  re-established,  and,  finally,  the  tap  of 
the  globe  cautiously  opened. 

The  operation  of  filling  usually  occupied  from  two  to  three  hours. 
When  the  gas  began  to  blow  off  under  an  excess  of  pressure  repre- 
sented by  about  half  an  inch  of  mercury,  the  blow-off  cistern  was 
lowered  so  as  ix)  leave  the  extremity  of  the  tube  free.  For  two 
minutes  the  current  of  gas  from  the  generator  was  allowed  to  flow 
through,  after  which  the  generator  was  cut  off,  and  the  globe  left  in 
simple  communication  with  the  atmosphere,  until  it  was  supposed 
that  equilibrium  of  pressure  had  been  sufl&ciently  established.  Doubts 
have  at  various  times  been  felt  as  to  the  interval  required  for  this 
purpose.  If  too  little  time  is  allowed,  there  will  remain  an  excess  of 
pressure  in  the  globe,  and  the  calculated  weight  of  the  filling  will 
come  out  too  high.  On  the  other  hand,  an  undue  prolongation  of  the 
time  might  lead  to  a  diffusion  of  air  back  into  the  globe.  In  a  special 
experiment  no  abnormal  weight  was  detected  after  half  an  hour's 
communication,  so  that  the  danger  on  this  side  appeared  to  be  small. 
When  the  passages  tViroxigVv  tVie  ^^^  N^et^  1^%^  Ixom.  grease,  one  or 
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two  minates  sufficed  for  the  establishmeTit  of  eqnilibrinm,  but  there 
was  always  a  possibility  of  a  partial  obstruction.  In  the  results  to  be 
presently  given  four  minutes  were  allowed  after  the  separation  from 
the  generator.  It  may  be  remarked  that  a  part  of  any  minute  error 
that  may  arise  from  this  source  will  be  eliminated  in  the  comparison 
with  oxygen,  which  was  collected  under  like  conditions. 

The  reading  of  the  barometers  and  thermometers  at  the  moment 
when  the  tap  of  the  globe  was  turned  off  took  place  as  described  in 
the  former  paper.  The  arrangements  for  the  weighings  were  also 
the  same. 

In  the  evacuations  the  process  was  always  continued  until,  as 
tested  by  the  gauge  of  the  Top  pier  after  at  least  a  quarter  of  an 
honr*s  standing,  the  residue  could  be  neglected.  Here,  again,  any 
minute  error  would  be  eliminated  in  the  comparison  of  the  two 
gases. 

In  the  case  of  oxygen,  the  errors  due  to  contamination  (even  with 
hydrogen)  are  very  much  diminished,  and  similar  errors  of  weighing 
tell  very  much  less  upon  the  proportional  agreement  of  the  final 
numbers.  A  comparison  of  the  actual  results  with  the  two  kinds  of 
gas  does  not,  however,  show  so  great  an  advantage  on  the  side  of  the 
oxygen  as  might  have  been  expected.  The  inference  i^ppears  to  be 
that  the  individual  results  are  somewhat  largely  affected  by  tempera- 
ture errors.  Two  thermometers  were,  indeed,  used  (on  opposite 
sides)  within  the  wooden  box  by  which  the  globe  is  surrounded,  and 
they  could  easily  be  read  to  within  ■j\y*'  C.  But  in  other  respects,  the 
circumstances  were  unfavourable  in  consequence  of  the  presence  in 
the  same  room  of  the  furnace  necessary  to  heat  the  copper.  An 
error  of  iO'l*^  C.  ih  the  temperature  leads  to  a  discrepancy  of  1  part 
in  1500  in  the  final  numbers.  Some  further  elaboration  of  the 
screening  arrangements  actually  employed  would  have  been  an  im- 
provement, but  inasmuch  as  the  circumstances  were  precisely  the 
same  for  the  two  gases,  no  systematic  error  can  here  arise.  The 
thermometers  were,  of  course,  the  same  in  the  two  cases. 

The  experiment's  are  grouped  in  five  sets,  two  for  oxygen  and  three 
for  hydrogen.  In  each  set  the  work  was  usually  continued  until  the 
tap  of  the  globe  required  re-greasing,  or  until,  owing  to  a  breakage  or 
to  some  other  accident,  operations  had  to  be  suspended. 
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1891. 

Weight. 

Bar. 
temp.,  F. 

Globe 
temp.,  0. 

October  26 

gram. 
0  15807 
0  15801 
0-15817 
0  157rO 
0-15810 
0-15798 
0  -15802 
0-15807 

5§ 

56 

50 

hZ\ 

55 

50 

48 

55^ 

18*^30 
14-00 
10-96 
12-10 
12-00 
10-70 
9-30 
12-70 

Octob«»r  28 

October  31 

NoTember  3    

November  5    

November  7    

November  10 

November  13 

Mean   

0-15804 

53 
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Weight. 

Bar. 
temp.,  F. 

Globe 
temp.,  C. 

November  31 

December  3    

December  5    

December  7    

December  8    

grams. 
2-5183 
2  -5168 
2 -5172 
2-5181 
2-5156 
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58i 

51 

12*^16 
13-55 
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14-70 
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Mean   
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In  almost  every  case  the  weight  of  the  globe /wZZ  is  compared  with 
the  mean  of  the  immediately  preceding  and  following  weights  empty. 
The  numbers  recorded  in  the  second  column  are  derived  from  the 
readings  of  the  balance  by  the  introduction  of  corrections — 

(1.)  For  the  errors  of  the  weights  themselves,  found  by  a  sys- 
tematic comparison,  only  relative  values  uncorrected  for  buoyancy 
being  required. 

(2.)  For  the  deviation  of  the  mean*  barometric  reading  at  the  time 
of  filling  from  30  inches  (as  read  upon  the  vernier). 

(3.)  For  the  deviation  of  the  temperature  of  the  barometers 
(Column  3)  from  6^**  F. 

(4.)  For  the  deviation  of  the  temperature  of  the  gas  (as  read  upon 
the  thermometers)  from  12°  C. 

As  an  example,  I  will  take  in  detail  the  calculation  for  the  hydro- 
gen filling  of  October  26.  After  the  evacuation  of  October  24,  the 
wording    globe    (14)    with    its    compensating    volume    piece    and 


*  There  were  two  barometeTt. 
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0*4778  gram  stood  on  the  left  of  the  balance  with  globe  (11)  ontL^ 
right.      The  position  of  equilibrium  of  the  pointer,  as  determine^i^ 
after  four  different  releasements,  each  observed  in  the  usual  mannerv 
was  1902  scale  divisions.     In  like  manner,  after  the  evacuation a:F 
October  27,  with  the  same  weights  in  use,  the  equilibrium  position  o/ 
the  pointer  was  18'46.  After  the  filling  of  October  26,  the  weight* 
associated  with  (14)  were  03220  gram,  instead  of  0*4778 ;  and  the 
pointer  reading  was  20'08.     So  far  as  the  weights  are  concerned,  the 
value  of  the  hydrogen  would  be  0-4778—0*3220,  or  0*1558  gram;  bnt 
to  this  we  must  add  a  correction  corresponding  to  1*34  scale  divisions, 
being  the  difference  between  20*08  and  ^(1902-f  18*46).   At  the  time 
in  question,  the  value  of  a  scale  division  was  0*00020  gram,  so  that 
we  obtain — 

01558+ 0*00027  =  0*15607. 

The  particular  weights  in  use  on  this  occasion  were  such  that  no 
correction  is  necessary  in  order  to  allow  for  their  errors. 

Th»  mean  barometer  reading  at  the  time  of  filling  was  29*742.  bo 
that  the  factor  requii-ed  on  this  account  is  30  :  29*742.  The  correc- 
tion for  temperature  of  gas  is  from  1*3*3  to  12°. 


Log  015607 

For  barometer .... 
For  temperature  . . 


=  M9332 

0-00375 
0-00198 


Lo<^  0-15814 =119905 

To  this  a  correction  for  the  temperature  of  the  haromete^r  has  still 
to  be  applied.  For  V  F.  the  correcting  factor  is  (1— 0  00(X)89),  or 
for  5°  F.  (1—0-000445).  From  015814  we  are  thus  to  subtract 
0-00007,  giving  tlic  tabuhir  number  0"  15807. 

A  further  minute  correction  to  tlie  mean  of  each  set  may  be  made 
for  the  temperature  of  the  ^lass.  A  warm  globe  is  lar^^er  than  a  cold 
one,  and  consequently  holdv%  more  gas.  If  we  suppose  that  the 
volume  expansion  of  the  glass  per  degree  C.  is  0*000025,  we  find, 
corrected  to  12°  C. — 
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1891. 

Weight. 

Bur. 
temp.,  F. 

Globe 
temp.,  C. 

Corrected 
to  12^. 

e    

grains. 
2  -51785 
2-51720 

o 

68 
55 

20 
13 

grams. 
2  -51735 
2  51713 

member 

Mean    

6U 

161 

2  -57124 

5  means  here  exhibited  give  the  weights  of  the  two  gases  as  they 
I  be  fonud  with  the  globe  at  12**  C,  and  the  barometers  at  60°  F, 
t  30  inches.  The  close  agreement  of  the  mean  temperatures  for 
wo  gases  shows  how  little  room  there  is  for  systematic  error  de- 
sntupon  imperfections  in  the  barometers  and  thermometers.  But 
3snlt8  still  require  modification  before  they  can  be  compared  with 
iew  of  deducing  the  relative  densities  of  the  gases, 
the  first  place,  there  is  a  systematic,  though  minute,  difference  in 
ressures  hitherto  considered  as  corresponding.  The  terminal  of 
ow-off  tube  is  83  inches  below  the  centre  of  the  globe  at  the  time 
ling.  In  the  one  case  this  is  occupied  by  hydrogen,  and  in  the 
by  oxygen.  If  we  treat  the  latter  as  the  standard,  we  must 
d  the  hydrogen  fillings  as  taking  place  under  an  excess  of  pres- 
iqual  to  -ff  of  the  weight  of  a  column  of  oxygen  33  inches  high ; 
his  must  be  compared  with  30  inches  of  mercury.  Hence,  if  we 
the  sp.  gr.  of  oxygen  under  atmospheric  conditions  at  0*0014, 
hat  of  mercury  at  13*6,  the  excess  of  pressure  under  which  the 
>gen  was  collected  is  as  a  fraction  of  the  whole  pressure 


33    15    00014      ^^^^,^, 
30  •  16*  13^- =  ^'^^^1^' 

)-000106 X 0158  =  0000017.  This,  then,  is  what  we  must  suh- 
from  the  weight  of  the  hydrog-  i  on  account  of  the  difference  of 
ures  due  to  the  gas  in  the  blow-off  tube.     Thus 

H  =  0157998,  0  =  251724. 

bese  numbers  are  not  quite  comparable  with  those  given  in  the 
IT  communication,  inasmuch  as  the  standard  temperature  then 
for  the  barometers  was  55°  F.  Reduced  so  as  to  correspond  to 
;he  former  numbers  become 


H  =  016797, 


0=25174. 
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The  agreement  Is  satisfactory,  especially  when  it  is  remembered 
that  both  gases  were  prepared  by  different  methods  in  the  two  sets  of 
experiments. — Feb.  17.] 

But  there  is  still  another  and  a  more  important  correction  to  be 
introdaced.  In  my  former  paper  it  was  shown  that  when  the  weigh- 
ings are  conducted  in  air  the  true  weight  of  the  gas  contained  in  the 
globe  is  not  given  by  merely  subtracting  the  weight  of  the  globe 
when  empty  from  the  weight  when  full.  When  the  globe  is  empty, 
its  external  volume  is  less  than  when  full,  and  thno,  in  order  to  obtain 
the  true  weight,  the  apparent  weight  of  the  gas  must  be  increased  bj 
the  weight  of  air  whose  volume  is  equal  to  the  change  of  volume  of 
the  globe. 

Id  order  to  determine  the  amount  of  this  change  of  volume,  the 
globe  is  filled  to  the  neck  with  recently  boiled  distilled  water,  and 
the  effect  is  observed  upon  the  level  in  the  stem  due  to  a  suction  of, 
say,  20  inches  of  mercury.  It  is  not  advisable  to  carry  the  exhauB- 
tion  much  further  for  fear  of  approaching  too  nearly  the  point  at 
which  bubbles  of  vapour  may  be  formed  internally.  In  the  earlier 
experiments,  described  in  the  preliminary  note,  the  upper  surface  of 
the  liquid  was  in  the  stem  of  the  globe  itself  (below  the  tap%  and 
the  only  difficulty  lay  in  the  accurate  estimation  of  a  change  of 
volume  occurring  in  a  wide  and  somewhat  irregular  tube.  The 
method  employed  was  to  produce,  by  introduction  of  a  weighed 
quantity  of  mercury,  a  rise  of  level  equal  to  that  caused  by  the 
suction. 

The  advantage  of  this  procedure  lay  in  the  avoidance  of  joints 
and  of  the  tap  itself,  but,  for  the  reasons  given,  the  readings  wei*e 
not  quite  so  accurate  as  might  be  desired.  I  wished,  theivfore,  to 
supplement,  if  possible,  the  former  determination  by  one  in  which 
the  change  of  volume  occurred  in  a  tube  narrower  and  of  better 
shape.  With  this  object  in  view,  the  stem  of  the  globe  was  prolonged 
bv  a  graduated  tubular  pipette  attached  with  the  aid  of  india- 
ruV)ber.  The  tubes  themselves  were  treated  with  gutta-percha  cement, 
and  brought  almost  into  contact.  It  had  hardly  been  expected  that 
the  joint  would  prove  unyielding  under  the  af^plied  suction,  but  it 
was  considered  that  the  amount  of  the  vieldins:  could  be  estimated 
and  allowed  for  by  operations  conducted  with  tap  closed.  The  event, 
however,  proved  that  the  yielding  at  the  joint  was  scarcely,  if  at  all, 
jx^rceptible. 

The  pipette,  of  bore  such  that  16  cm.  corresponded  to  1  c.c,  was 
graduated  to  00 1,  and  was  read  by  estimation  to  0  001  c.c.  In  onler 
the  better  to  eliminate  the  changes  due  to  temperature,  readings 
under  atmospheric  pressure,  and  under  a  suction  of  20  inches  of  mer- 
curVj  were  alternated.  On  January  28,  1802,  a  first  set  gave  0  648  — 
O'SOO  =  0  348,  a  second  gave  0-^^\ib-^^\^  ^^'i^^^  ^t.^^ \^lU^^ve 
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0-675— 0*326  =  0*3 19.  Similar  operations  with  tap  closed*  gave  no 
risible  movement. 

The  resnlt  of  the  day's  experiments  was  thas  0*3485  for  20  inches, 
or  0*523  for  30  inches,  suction.  Similar  experiments  on  January  28, 
at  a  different  part  of  the  graduation,  gave  0*526.  On  this  day  the 
yielding  with  tap  closed  was  just  visible,  and  was  estimated  at  0*001. 
As  a  mean  result,  we  may  adopt  0*524  c.c.  The  graduation  of  the 
pipette  was  subsequently  verified  by  weighing  a  thread  of  mercury 
that  occupied  a  measured  length. 

A  part  of  the  above-measurod  volume  is  due  to  the  expansion  of 
the  water  when  the  pressure  is  relieved.  We  may  tako  this  at 
0*000047  of  the  volume  per  atmosphere.  The  volume  itself  may  be 
derived  with  sufficient  accuracy  for  the  present  purpose  from  the 
weight  of  its  oxygen  contents.  It  is  2*5 17/0*00137,  or  1837  c.c. 
The  expansion  of  the  water  per  atmosphere  is  thus  0*000047  x  1837,  or 
0*087  c.c.  This  is  to  be  subtracted  from  0  524,  and  leaves  0*437  c.c. 
This  number  applies  strictly  to  the  volume  enclosed  within  the  glass, 
but  the  change  m  the  external  volume  of  the  globe  will  be  almost  the 

same.t 

The  correction   now  under  consideration   is   thus   the  weight  of 

0*437  c.c.  of  air  at  the  average  temperature  of  the  balance  room. 
The  density  of  this  air  may  be  estimated  at  0*00122  ;  so  that  the 
weight  of  0*437  c.c.  is  0*000533  gram.  This  is  the  quantity  which 
must  be  added  to  the  apparent  weights  of  the  gases.  The  former 
estimate  was  0*00056  gram.  The  finally  corrected  weights  are 
thus 

H  =  0*158531,  0  =  2-51777; 

and  for  the  ratio  of  densities  we  have 

15*882. 

This  corresponds  to  a  mean  atmospheric  condition  of  pressure  and 
temperature. 

If  we  combine  the  above  ratio  of  densities  with  Professor  Morley's 
ratio  of  volumes,  viz.,  20002  :  1,  we  get,  as  the  ratio  of  atomic 
weights,  15*880. 

If  we  refer  to  the  table,  we  see  that  the  agreement  of  the  first  and 

•  For  greater  security  the  tap  waa  turned  while  the  interior  was  under  suction. 

t  For  a  spherical  shell  of  glass  of  uniform  tliickness  and  with  elastic  constants 
following  Poisson's  law,  the  ratio  of  the  difference  of  the  internal  and  external 
expansion  to  either  of  them  is  4  ^/Sflr,  where  t  is  the  thickness  of  the  shell,  and  a 
the  mean  radius.  In  t)ie  present  application  the  yalue  of  aft^  deduced  from  the 
measured  circumference  and  from  the  weight  of  ^la^,  is  ahout  110. 

[Perhaps  an  arrangement  in  which  the  external  volume  is  directly  measured 
would  hare  been  preferable.  No  allowance  for  expansion  of  water  would  lli^tv  h« 
neeAed.^Feh.  27.] 
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third  Bories  of  hydrogen  weighings  is  yeiy  good,  bnt  thftfe  the 
from  the  second  series  is  decidedly  lighter.  This  may  have  been  ii 
part  fortoitons,  bnt  it  is  scarcely  probable  that  it  was  so  aUogetber. 
Under  the  circumstances  we  can  hardly  i-eckon  the  aocaraey  of  the 
final  results  as  closer  than  -giAnr* 

A  word  should  perhaps  be  said  upon  a  possible  sooroe  of  systemitis 
error,  vi;B.,  mercury  vapour.  There  is  no  doubt  that  hydrogen 
passed  over  mercury  takes  up  enough  to  cause  a  slow  and  superficia], 
but  quite  distinct,  discoloration  of  sulphur  over  which  it  subsequently 
flows.  In  the  experiments  here  recorded,  the  gas  did  not,  indeed, 
flow  over  mercury  in  mass,  but,  inasmuch  as  mercury  was  used  to 
secure  the  tightness  of  some  of  the  joints,  it  is  diJQEicult  to  feel  sure  of 
its  absence.  Again,  in  evacuations  conducted  with  a  mercury  pump 
can  the  vacuum  be  regarded  as  free  from  mercury  vapour,  which,  it 
must  be  remembered,  would  not  show  itself  upon  the  gauge  of  the 
Toppler  P  If  both  the  hydrogen  and  the  ''  vacuum  "  were  saturateA 
with  mercury  vapour,  the  result  of  the  weighings  would,  according  te 
Dalton's  law,  he  free  frq?^  its  inflaence.  The  same  may  be  said  of 
any  volatile  imparity  arising  from  the  grease*  upon  the  stopoocka. 
As  the  matter  stands,  the  results  must,  I  think,  be  regarded  as  affected 
with  a  possible  error  amounting  to  a  fraction  of  the  weight  of  mercniy 
vapour  at  the  temperatures  employed.  But  this  is  probably  a  veiy 
small  quantity. 

According  to  Hertz,t  the  vapour-prossnre  of  mercury  at  15°  C. 

would  be  about  0*001  mm.     If  this  be  oorrect,  the  weight  of  mercury 

vapour  in  an  atmosphere  of  hydrogen  would  be  as  a  fraction  of  the 

latter 

0001     ^^^  1 

-„..7^  X  200  = 


760       """      3800 

It  appears  that  in  an  investigation  of  hydrogen  aimiog  at  an  accu- 
racy of  1/10,000  the  qaestion  of  mercury  vapour  requires  very  carefal 
consideration. 

The  accompanying  table  of  results  found  by  various  experimenters 
may  be  useful  for  comparison : — 


*  Composed  oi  \«a«\\tv«  «svd  beeswax, 
t  *Wied.  Ami.;  ^o\.Vl,^.V»^. 
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Pretentt. 
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Name. 


Danuw    

Regnault    

Bajleigh     

Cooke  and  Btcbards 

Kcuer 

Rajleigh     

Nojea 

Dittmar 

Morley    

Leduo 

Bajleigh     


Date. 


1842 
1845 
1888 
1888 
1888 
1889 
1890 
1890 
18«)1 
1891 
1892 


Atomic 
weights. 

15-96 


15  869 
15  949 
15-89 
15-896 
16 -866 
15 -879 


Densities. 


15  96 
15-884 


15*905 

15-882 


In  conclusion,  I  most  express  my  obligations  to  Mr.  Gordon,  who 
has  assisted  me  throughout.  The  work  has  been  unusually  tedious, 
partly  from  its  inherent  nature,  requiring  as  it  does  a  certainty  of 
O'l  milligram  in  the  weighings,  and  still  more  from  the  constant 
liability  to  accidents,  which  may  render  nugatory  a  large  amount  of 
preparatory  work. 
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February  25,  1892. 

Mr.  JOHN  EVANS,  D.C.L.,  LL.D.,  Ti-easurer,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read  : — 

I,  "  Preliminary  Note  on  Nova  Aurig83."  By  William  Huggins, 
D.C.L.,  LL.D.,  F.R.S.,  and  Mrs.  Huggins.  Received 
February  24,  1892. 

We  have  delayed  ap  to  the  present  time  presenting  any  account  of 
oar  observations  of  Nova  Aarigee,  in  the  constant  hope  that  fine 
weather  would  enable  us  to  make  our  observations  more  complete. 
We  think  now,  however,  that  it  may  be  of  interest  withont  further 
delay  to  send  a  short  preliminary  notice  of  this  remarkable,  and,  iu 
some  respects,  unprecedented,  celestial  phenomenon.  For  up  to  this 
time  we  have  no  record  of  a  star  in  the  spectrum  of  which  the  bright 
and  dark  lines  of  the  same  substances  have  been  regarded  as  indi- 
cating respectively  motions  of  approach  and  of  recession  of  so  great 
magnitude.  It  was  partly  for  this  reason  that  we  were  anxious  for 
the  opportunity  of  observing  if  any  change  in  the  amount  of  relative 
motion  woald  show  itself. 

We  received  a  telegram  from  Dr.  Copeland  in  the  early  morning 
of  the  2nd  instant,  and  began  our  obsei'vations  of  the  star  on  the 
night  of  the  2nd  instant. 

Perhaps  the  most  noticeable  feature  to  the  eye  in  the  star's 
spectrum  was  the  great  brilliancy  of  the  hydrogen  lines  at  C,  F,  and 
G ;  but  the  point  of  greatest  interest  was  obviously  that  two  of  these 
lines,  F  and  G — and  we  have  since  observed  the  same  with  C — were 
accompanied  each  by  a  strong  absorption  line  on  the  side  towards  the 
blue.  Comparison  with  the  lines  of  terrestrial  hydrogen,  while  con- 
firming the  obvious  presumption  that  the  star-  lines  were  really  those 
of  hydrogen,  showed  at  once  a  large  motion  of  recession  of  the  bright 
lines  and  a  motion  of  approach  of  a  similar  order  of  magnitude  of  the 
hydrogen  which  produced  the  absorption. 

A  photograph  which  we  have  since  taken  gives  the  star's  spectrum 
as  far  iu  the  ultra-violet  as  about  \  3200.  On  this  plate  we  see  not 
only  the  other  hydrogen  lines  at  h  and  H,  \)u^  «\^o  VXi^  ^^tv»^  \«r3^T^^> 
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which  is  characteristic  of  the  white  stars,  bright,  with  dark  abeorp- 
tion  lines  on  the  blue  side. 

Besides  the  hydrogen  series  there  appear  to  be  other  lines  doubled 
in  a  similar  manner,  including  the  sodium  lines  at  D.  The  line  K, 
which  is  at  least  as  strongly  impi^essed  upon  the  plate  as  H,  ia  not 
followed  by  so  strong  an  absorption. 

In  the  green  part  of  the  spectram  three  very  brilliant  lines  are  seen 
on  the  red  side  of  F.  One  of  these  falls  not  far  from  the  position  of 
the  chief  nebular  line ;  bat  even  when  the  shift  of  the  spectmm  is 
taken  into  account,  we  can  scarcely  regard  this  line  as  the  tme 
nebular  line.  In  this  connexion  it  was  a  point  of  some  importance 
to  find  that  the  strong  and  very  characteristic  line  of  the  Orion 
nebula,  which  falls  aboat  \  3725,  is  absent  in  our  photograph  of  the 
Nova,  also  the  strong  line  between  a  and  /3  at  about  X  3868. 

[The  third  line  from  F  is  rather  broad  and  resolvable  into  lines. 
It  falls  partly  upon  the  more  refrangible  pair  of  the  magnesium 
triplet  at  &,  bat  its  character  and  position  do  not  permit  us  to  ascribe 
it  either  to  magnesium  or  carbon. — Feb.  25.] 

We  wish  to  mention  an  early  photograph  of  this  star  taken  on  the 
3rd  instant  by  Father  Sidgreaves,  at  Stonyharst,  which  we  had  the 
privilege  of  examining.  This  successful  photograph  extends  from 
about  h  to  near  D,  and  shows  the  remarkable  doubling  of  manj  of 
the  bright  lines  by  dark  ones,  a  feature  which  was  at  once  noticed  by 
Father  Sidgreaves  and  ourselves. 

In  our  photograph  tlie  spectrum  of  the  star,  which  extends  on  the 
plate  as  far  into  the  ultra-violet  as  our  photographs  of  Sirius,  is 
crowded  throughout  its  entire  length  with  dark  and  bright  lines.  In 
the  visible  region  the  number  of  bright  linos  and  groups,  including 
the  double  line  of  sodium,  a  fine  line  about  the  position  of  D,,  and 
lines  on  both  sides  of  C,  is  also  very  great. 

We  prefer  in  this  preliminary  note  not  to  enter  into  any  more  de- 
tailed discussion  of  the  star's  spectrum,  nor  to  refer  to  the  probable 
phenomena  which  may  now  be  in  progress  in  this  celestial  body.  We 
reserve  these  considerations  for  the  present. 


II.  **  Note   on    the   New    Star   in   Auriga."      By    J.    NoRMAN 
Lockyer,  F.R.S.     Reeeiverl  February  25,  1892. 

Since  my  note  of  February  11,  observations  of  the  new  star  have 
only  been  possible  at  Kensington  on  seven  evenings,  namely, 
February  11,  12,  13,  16,  22,  23,  and  24.  The  13th  and  22nd  were 
the  only  two  very  fine  nights. 

The  star  now  appears  to  bo  fading.  In  the  photograph  of  the 
region  taken  on  February  Z  tVie  ^ovb.  «.^^^t^^  \»  \i^  \iTv^\«t  ih%n 
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X  AnrigflB  (mag.  5'0),  bat  in  that  taken  on  Febmaiy  23  it  ia  not 
brighter  than  the  companion  to  this  star,  which  is  fainter  than  6th 
magnitude.  No  marked  diminntion  in  brightness  was  noticed  before 
February  22. 

The  colour  has  not  appreciably  changed  since  the  star  was  first 
observed. 

Photographs  of  the  spectrum  were  attempted  on  all  the  dates 
named.  Those  of  February  11,  12,  IG,  and  23,  however,  were  insuffi- 
ciently exposed,  but  they  show  that  the  dark  lines  were  still  more 
refrangible  than  the  accompanying  bright  ones,  and  that  the  same 
lines  were  present  as  in  the  previous  photographs.  A  plate  was 
exposed  for  2  hours  35  minutes  on  February  24,  but  no  impression 
was  obtained.  The  photograph  taken  on  February  13  is  identical 
with  those  referred  to  in  the  notes  which  I  have  already  commu- 
nicated to  the  Society.  In  the  three  pho^ograpll8  of  February  22 
there  appears  to  be  a  slight  diminution  in  the  intensity  of  the  H  and 
K  lines,  but  otherwise  there  is  no  decided  change. 

There  is  no  evidence  of  revolution  during  the  twenty  days  of 
observation.  In  all  the  photographs  the  dark  lines  are  more  refran- 
gible than  the  bright  ones,  and  the  relative  velocity  deduced  from 
those  of  February  3,  7,  13,  and  22  appears  to  be  about  600  miles  per 
second.  As  this  only  represents  the  velocity  in  the  line  of  sight,  we 
are  still  ignorant  of  the  real  velocities  of  the  two  bodies.  The  con- 
stant relative  velocity  indicated  by  the  displacement  of  the  bright 
and  dark  lines  may  be  regarded  as  confirming  the  supposition  thut 
two  meteor-swarms  or  comets  have  collided,  the  velocities  being  so 
great,  and  the  masses  so  small,  that  neither  was  captured  by  the 
other. 

The  relative  velocity  of  600  miles  per  second  seems  at  first  sight 
to  be  abnormally  gi'eat,  but,  if  we  regard  each  of  the  component 
swarms  as  moving  at  the  rate  of  300  miles  per  second,  the  velocities 
are  quite  comparable  with  those  of  other  bodies  in  space.  The  star 
1830,  Groombridge,  for  example,  moves  at  the  rate  of  200  miles  per 
second  across  the  line  of  sight,  and  its  real  velocity  may  be  much 
greater. 

Eye  observations  have  been  made  on  every  possible  occasion.  The 
chief  variations  from  those  previously  reported  are  the  general  fading 
of  the  continuous  spectram  and  the  consequent  unmasking  of  the 
lines  between  b  and  D.  Micrometric  measures  of  four  new  lines  in 
this  region  were  made  by  Mr.  Fowler  on  February  23  and  24.  These, 
with  the  other  lines  observed  at  Kensington  in  the  region  F  to  C, 
are  shown  in  the  table  which  follows.  The  corresponding  lines 
observed  in  the  spectra  of  new  stars  which  have  previously  appeared, 
and  those  in  the  spectra  of  some  of  the  bright  line  stars,  are  added  for 
comparison. 


Nvle  OH  th 

A>w  Star 

■" 

f4Mnj;(i.            ®b 

}t 

1 

tB 

1 
i. 

1          1 

1 

itf? 

2=  a        J 

ill! 

1 

%       1 

1      1      1 

i 

i  s  1  1  $ 

1 

1 

1 

i       1 

1  §  i 

i 

1  S   1    1    1 

1 

1 

i    1 

S    1     1 

1 

1  1  1  1  1 

^ 

1 

1    1 

i  S    1 

1 

1  1  1  1  1 

4^ 

1        1        1      ^       1        1        1        1        1        1        1        1 

ill 

1        1        1      g       1        1        1        1        1        1        1        1 

^ 

1 

1 

1    i 

i  1  i 

1 

1  1  1  1  1 

1 

i 

1    1 

1  1  1 

1 

1      1     3     1     1 

1 

1    1 

1  1  1 

s 

I     2      1      1     1 

1 

} 

i 

i  i 

I  '  1 

1 

1       1     3      1     J 

i 

i 

i  1 

i  '  i 

1 

S      1     1     1    1 

1 

% 

i  i 

1   1  % 

' 

3    S    i     1     1 

1 

i 

i 

i 

S   1 

S    S     1 

» 

3 

S    S    i    1    1 

i 

1 

6 

i  1 

5    '   i 

1. 

?     s 

3    i    1    i    1 

1892.J     Organisation  of  FlsHI  Plants  of  the  Coal-Measures.      469 

It  will  be  seen  that  all  the  lines  of  Nova  AnrigsB  have  previoasl/ 
been  recorded  in  other  Novad,  or  in  the  bright-line  stai's. 

The  complete  spectram,  inclading  the  photographic  region,  was 
shown  in  the  diagram  exhibited  on  the  screen.  This,  and  the  light 
cnrve  of  the  spectrum  from  F  to  C,  was  drawn  by  Mr.  Fowler  and 
Mr.  W.  J.  Lockyer,  on  February  22,  and  con6rmed  by  Mr.  Fowler  on 
February  23.  The  3-foot  reflector  and  McClean  spectroscope  were 
employed  in  each  case. 

The  changes  which  are  taking  place  in  the  Nova  are  exactly  what 
woald  be  expected  according  to  my  hypothesis,  that  new  stars  are 
produced  by  the  collision  of  meteor-swarms.  The  rapid  fading  of 
the  star  demonstrates  that  small  masses  and  not  large  cues  are  en- 
gaged, and  this  is  farther  confirmed  by  the  observed  diminution  in 
the  brightness  of  the  continuous  spectrum  relatively  to  the  bright 
liues.  If  two  condensed  bodies  were  in  collision,  it  is  evident  that 
the  lines  would  fade  first. 


III.  "On  the  Organisation  of  the  Fossil  Plants  of  the  Coal- 
Meaaures.  Part  XIX."  By  W,  C.  Williamson,  LL.D., 
r.R.S.,  Professor  of  Botany  in  the  OwenR  College,  Man- 
chester.    Received  January  18,  1892. 

(Abstract.) 

The  author  recalls  attention  to  the  discovery  by  the  late  Rev.  W. 
Vernon  Harcourt  of  a  fragment  of  a  Lepidodeudroid  branch,  in  which 
the  internal  structures  were  well  preserved.  The  specimen  was 
described  and  figured,  first  by  Witham,  who  gave  to  it  the  well-known 
name  of  Lepidodendron  Harcourt  it.  It  was  next  described  by  Lindley 
and  Hutton,  in  their  *  Fossil  Flora,'  and  still  later,  and  more  scientifi- 
cally, by  Brongniart,  in  his  'V6g6taux  Fossiles.'  In  its  interior 
Brongniart  found  a  single  vascular  cylinder  encasing  a  medulla.  At 
a  later  period  he  obtained  fragments  of  two  other  plants,  in  each 
of  which  he  found  the  above  cylinder,  but  invested  by  a  second  one 
which  was  obviously  an  exogenous  product  of  a  cambium  zone. 
From  these  three  specimens  he  unfortunately  concluded  that  the  first 
belonged  to  a  Cryptogamic  Lycopod,  whilst  the  second  and  third  were 
Gy mnospermous  Phanerogams.  These  latter  examples  he  further 
identified  with  his  genus  Sigillaria, 

This  classification  was  universally  accepted  by  the  palaeobotanical 
world  until  1871,  when,  in  his  Memoir,  Part  II,  the  author  announced 
his  conviction  that  Lepidodendra  and  SigillarisB  were  alike 
Cryptogams,  and  that  the  exogenous  zone  supposed  to  be  characteristic 
of  the  Phanerogams  was  not  confined,  in  ancient  times,  to  that  great 
division  of  the  vegetable  kingdom. 
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Apart  from  this  general  question,  now  conclnsively  settled,  farther 
knowledge  of  L,  Harcourtii  has  long  been  soaght  for  in  vain.  Hir« 
court's  original  fragment  was  unf ortanately  an  imperfect  one.  Its  outer 
cortex  and  foliage  were  wholly  wanting,  as  well  as  specimens  illni- 
trating  its  various  stages  of  growth.  Recently,  however,  a  very  fine 
series  of  such  specimens  has  come  into  the  hands  of  the  author,  and 
a  large  amount  of  new  information  has  been  obtained  from  them. 
Some  of  the  new  examples  are  very  young  branches,  perfectly  in- 
vested by  their  bark  and  leaves.  The  detailed  structures  of  all  the 
organs  of  these  specimens  are  now  described  in  minute  detail.  A 
more  exact  technical  nomenclature  than  has  hitherto  been  employed 
is  applied  to  their  various  structures.  Besides  these  young  forma, 
other  specimens  resembling  that  studied  by  Brongniart,  both  as 
regards  condition  and  apparent  age,  have  been  obtained,  and  also  one 
magnificent  older  and  arborescent  example,  from  Airdrie,  in  Scotland, 
which,  including  all  its  leaves,  has  been  between  four  and  five  inches 
in  diameter. 

But  even  this  latter  specimen  presents  no  appearance  of  the 
secondary  or  exogenous  vascular  zone  so  common  amongst  other  much 
younger  Lepidodendra.  Hence  the  author  concludes  that  L.  Harcovriii 
has  in  this  respect  been  like  L.  Wunachianum,  the  well-known  Arran 
species,  in  which  a  magnificent  exogenous  zone  exists,  but  which 
was  only  developed  when  the  plants  attained  to  an  advanced  arbor- 
escent condition. 

Some  of  those  youngest  specimens  show  evidence  that  they  had 
been  fractigerons  twigs.  But,  before  describing  these,  the  author 
examines  anew  the  entire  subject  of  the  branches  to  which  the  names 
of  Halonia  and  Ulodejulron  have  been  applied.  Both  of  these  have 
now  been  proved  to  have  been  fruit-bearing  branches,  but  their  true 
relations  to  each  other  and  to  their  parent  plants  are  still  in  a 
stat^  of  serious  confusion.  The  existing  definitions  of  these  two 
types  are  shown  to  be  altogether  unsatisfactory ;  some  specimens 
which  according  to  one  generally  accepted  definition  are  Halonis 
according  to  another  are  Ulodendra.  In  fact  the  two  sets  of 
definitions  overlap  in  sach  a  manner  as  renders  them  no  longer 
applicable. 

Two  classes  of  facts  have  to  be  considered  here ;  first,  the  positions 
and  arrangements  of  the  reproductive  fractifications  on  the  support- 
ing branches,  and,  secondly,  the  nature  of  the  scars  left  on  the 
exterior  of  the  bark  after  these  deciduous  fructifications  foil  to  the 
ground.  The  positions  of  these  scars  in  Uhnlendron  are  nsnally 
defined  as  bisorial,  being  arranged  in  two  longitudinal  rows,*  one  on 
each    side    of    the    sustaining    branch,    whilst    in    Halonia    these 

•  In  his  labt  publicalion,  M.  Renault  recognises  that  there  are  sometime!  four 
such  rows. 
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rows  are  defined  as  being  more  nnmerons,  and  the  scars  qaincnnciallj 
arranged.  In  Ulodendron  each  snch  scar  is  farther  surronnded 
by  a  large  circular,  or  oval,  and  very  characteristic  disk.  The  author 
shows  that  the  essential  and  homologoas  straoture  in  all  these  fruit- 
bearing  branches  is  a  small  circular  area,  forming  the  summit 
of  a  larger  or  smaller  conical  arrested  branch  which  was  covered 
with  leaves.  This  small  apical  area  represents  the  part  at  which 
the  deciduous  fructification  was  organically  united  with  its  sustaiu- 
ing  branch.  Each  such  branch  was  supplied  with  a  distinctive 
form  of  vascular  bundle,  which  differed  alike  from  those  larger  ones 
seen  in  ordinary  vegetative  branches,  and  from  the  smaller  ones 
passing  outwards  to  the  leaves;  this  bundle  is  always  abruptly 
broken  oS.  at  the  extreme  apex  of  the  fructigerous  tubercle  in  a  way 
demonstrating  that  it  was  formerly  prolonged  into  some  deciduous 
appendage  which  is  rarely  preserved  in  situ.  But  Ulodendron  has,  in 
addition,  surrounding  each  of  these  fruit-bearing  points,  a  flattened 
Bor&tce,  the  size  of  which  was  mainly  dependent  upon  the  age  to  which 
the  tree  had  attained  when  it  perished.  This  orbicular  surface  was 
primarily  covered  with  ordinary  leaves,  normally  arranged,  but  the  full 
development  of  which  was  arrested  by  the  pressure  of  some  external 
agent.  The  author  concludes  that  the  central  fructigerous  point  was 
homologous  in  all  these  cases,  and  that  the  variations  seen  in  them 
arose  largely  from  the  degree  of  prominence  attained  by  the  arrested 
lateral  branch.  When  that  prominence  was  sufficient,  the  cone-like 
frnit  was  pedunculate,  and  no  disturbance  of  the  surrounding  leaves 
was  produced ;  but  when  that  elevation  was  small,  or  almost  non- 
existent, the  cone  was  practically  sessile,  and,  as  it  grew,  its  expanding 
base  crushed  down  the  leaves  which  it  covered  and  thus  produced  the 
large  flattened  disk  characteristic  of  Ulodendron,  These  two  names, 
Halonia  and  Ulodendron,  have  no  longer  any  generic  value,  but  the 
terms  Halonial  and  Ulodendroid  may  be  conveniently  retained  as 
adjectives  applicable  to  appropriate  specific  forms. 

The  author  applies  these  conclusions  to  his  younger  specimens  of 
L.  Harcourtiif  and  shows  that  many  of  them  were  fiiictigerous  in  the 
Halonial  form. 

The  organisation  of  the  leaves  of  some  of  these  Lepidodendroid 
plants  has  been  re-examined.  As  is  well  known,  on  the  leaf -scars 
alike  of  Lepidodendron  and  of  SigiUaria,  each  scar  left  on  the  bark 
after  the  fall  of  the  deciduous  leaf  had  three  minute  points  impressed 
upon  its  sur^e.  Brongniart  regarded  each  of  the  three  as  represent- 
ing the  entrance  of  a  leaf-trace  into  the  leaf,  and  very  recently  some 
other  observers  have  arrived  at  the  same  conclusion.  The  author,  long 
ago,  showed  that  the  central  spot  alone  represented  the  vascular 
leaf-trace,  the  two  lateral  ones  being  merely  cellular  structures,  but 
the  details  of  which  were  very  imperfectly  known.    ^\\»ai^  Ti<^^  %\^#sw- 

VOL.  L.  ^^^ 


472  Mr.  C.  B.  Clarke.  [Feb.  25, 

mens  demonstrate  the  exact  features  of  these  structures.     Profeoor 
Bertrand,  of  Lille,  and  M.  Hoyelacque,  of  Paris,  have  simultaneonslT 
investigated  the  two  lateral  points  on  the  leaf -scar,  to  which  tbe 
former  author  has  given  the  name  of  parichnos,  which  name  Pro- 
fessor Williamson    adopts.     But    these  two    palieontologists   have 
further  called  attention  to  a  fourth  structure  in  these  leaves,  hitherto, 
in  some  degree,  overlooked ;  and  which  they  designated  the  ligvU. 
The  author  finds  this  organ  well  developed  both  in  L.  HareouHv 
and   in  Lepidophloios,  but   rejects   the   name  lignle,  on  the  ground 
that  he  cannot  identify  the  fossil  structure  with  the  organ  bearine 
the  same  name  in  living  Isoetes  and  Selaginello;.     He,  therefore, 
adopts  for  the  former  the  term  Adenoid  organ,  believing  it  to  have 
had  glandular  functions.     Details  are  also  given  of  the  organisation 
of  several  forms  of  Lepidostrobi,  some  of  which  are  identified  with 
their  parent  plants. 

The  general  conclusion  arrived  at  by  the  author  in  reference  to 
the  L,  Harcourtiiy  which  has  been  so  often  made  the  subject  of 
debate  during  the  last  twenty  years,  is  that  it  occapies  no  exceptional 
position  amongst  the  other  Lepidodendra,  but  tbat  whilst  palieon- 
tologists in  various  parts  of  the  world  quote  the  species  as  one  with 
the  organisation  of  which  they  were  familiar,  they  were  all  alike  mis- 
tftken  in  their  determinations.  Until  now  no  specimen  of  the  same 
plant  has  been  in  the  possession  of  any  observer  less  imperfect  than 
that  described  by  Brongniart;  hence,  when  in  the  past  authors  have, 
as  was  my  own  case,  referred  various  examples  of  cortex,  leaves,  and 
fruits  to  Lepidodendron  Harcouriii,  we  have  no  evidence  whatevei 
that  such  references  are  true  ones. 

If  such  references  are  still  declared  to  be  authoritative,  I  must  ask- 
where  the  specimens  are  to  be  seen  that  carry  our  knowledge  beyond 
what  we  derived  from  Harcourt's  imperfect  branch. 


IV.  "  On  Biologic  Regions  and  Tabulation  Areas."     By  C.  B. 
Clarke,  F.R.S.     Received  February  8,  1892. 

(Abstract.) 

Biologic  regions  have  been  used  for  two  purposes,  viz.:  (I)  to  ex- 
hibit the  most  natural  primary  divisions  of  the  globe,  so  far  as  the 
distribution  of  existing  Mammalia  (or  of  plants  or  living  things)  is 
concerned  ;  (2)  as  areas  of  reference  on  which  the  complete  distribn- 
tion  of  a  large  genus  or  order  of  plants  or  animals  may  be  tabulated. 

It  is  clearly  of  the  highest  importance  that  one  set  of  areas  of 

reference  sliould  be  employed  by  all  naturalists,  as  foreseen  by  Mr. 

WaUa.ce  when  he  devised  his  primary  zoologic  regions  and  sub-region.s. 

If  one  naturalist  ta\)u\atea  oue  oxii^Y  o\ "^xsAX^t^wi^  ^w.  vi\\\i  ^eo^aphic 
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framework,  and  another  naturalist  tabulates  another  order  of  Butter- 
flies on  a  different  geographic  framework,  the  results  of  the  two 
naturalists  can  only  be  combined  by  doing  the  tabulation  all  over 
again,  instead  of  by  a  simple  addition. 

Naturalists  have  not  agreed  on  one  system  of  primary  reference 
areas ;  and,  consequently,  it  is  not  possible  to  combine  the  results 
attained  by  different  writers. 

The  first  reason  why  naturalists  have  not  accepted  Wallace's 
recommendation  is  that  his  regions  do  not  appear  the  most  natural 
to  many  naturalists ;  Professor  Huxley,  Dr.  Giinther,  and  numerous 
botanists  have  proposed  widely  different  regions  as  more  natural. 
A  second  reason  why  these  regions  have  not  been  used  for  tabulations 
is  that  their  boundaries  are  (in  many  important  cases)  not  accurately 
defined. 

I  have  been  for  eighteen  months  past  making  trial  of  various 
geographic  frameworks  on  which  to  tabulate  the  distribution  of 
2000  species  of  plants;  and  I  have  constructed  a  considerable 
number  of  maps,  and  have  executed  trial  tabulations  of  a  few  genera 
on  them.  I  have  arrived  at  one  conclusion  which  I  deem  of  sufficient 
importance  to  bring  before  this  Society,  viz.,  that  the  two  objects 
hitherto  confounded  in  the  designing  of  biologic  regions  must  be  kept 
entirely  separate.  Biologic  regions  representing  the  natural  distribu- 
tion of  Mammalia  or  of  life  are  not  convenient  to  use  as  tabulation 
areas.  I  may  venture  to  say,  indeed,  that  the  more  perfectly  natural 
the  biologic  regions  are,  and  the  more  complex  and  detailed  their 
boundary  lines,  the  more  impossible  they  are  to  use  as  reference 
areas  or  as  tabulation  areas  on  any  considerable  scale. 

The  idea  of  biologic  regions  presupposes  a  geographic  framework 
of  some  kind  on  which  the  area  of  each  genus  of  animals  or  plants 
was  previously  plotted.  It  appears  to  me  that  all  naturalists, 
zoologists,  botanists,  and  palaeontologists,  might  easily  agree  to  use 
one  system  of  tabulation  areas.  Out  of  the  results  attained  on  this 
system,  they  might  construct  various  biologic  regions,  each  to  please 
himself. 

I  have  constructed,  as  a  reference  map  for  my  own  tabulations,  the 
Map  B.  I  would  urge  naturalists  to  use  this,  or  that  a  committee  be 
appointed  to  desigpi  a  better,  which  should  be  put  out  by  authority. 

This  Map  B  I  have  gradually  arrived  at  by  fixing  down  accurately 
the  boundaries,  and  otherwise  modifying  the  Map  A,  which  is 
Wallace's  map  of  zoologic  regions.  My  object  has  been  to  make  the 
smallest  alterations  in  Wallace's  map  consistent  with  easy  tabula. 
tion. 

The  greater  part  of  the  paper  here  abstracted  is  occupied  with  a 
detailed  discussion  of  various  boundary  lines  in  the  Map  B,  in  order 
to  brin^r  out  cle&rif  the  principles  whicb  shouVd  ^a^l*^  tia  yclV^'^xs^t^^ 
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oar  tabulation  areas.  One  main  object  is  that  onr  primarj  fmne- 
work  of  areas  and  sub-areas  should  separate  our  species  and  genera 
(so  far  as  possible)  into  tliose  areas  and  snb-areas ;  if  a  boonduy 
line  is  drawn  between  two  sub-areas  A  and  B,  so  that  nearly  all  the 
species  found  on  one  side  of  it  are  also  found  on  the  other,  then  we 
mifrbt  as  well,  in  this  tabulation,  have  thrown  the  two  sub-areas  And 
B  into  one,  and  saved  ourselves  labour.  This  brings  ns  round  pnis 
tically  pretty  nearly  to  Wallace's  view  a^in ;  i.e.,  geographic  frame- 
work for  reference  and  tabulation  must  be  as  near  as  possible  to  i 
system  of  natural  biologic  regions,  subject  to  the  condition  that  the 
boundary  lines  are  rapidly  and  accurately  fixed,  and  are  easily  re- 
membered. It  is  impracticable  to  effect  large  tabulations  of  tens  of 
thousands  of  specimens  if  it  is  necessary  continually  to  refer  to 
some  special  large-scale  map. 

The  present  paper  is  not  intended  to  include  marine  regions  or 
areaa. 


V.  *'  The  Electric  Organ  of  the  Skate :  ObservationH  on  the 
Structure,  Relations,  Progressive  Development,  and  Growth 
of  the  Electric  Organ  of  the  Skate."  By  J.  C.  EwABT, 
M.D.,  Regius  Professor  of  Natural  History,  University  of 
Edinburgh.  Communicated  by  Prof.  J.  BURDON  SANDERSON. 
F.R.S.     Received  February  10,  1892. 

(Abstract.) 

After  referring  to  the  observations  of  Stark,  the  discoverer  of  the 
skate's  electric  organ,  and  to  the  worjc  of  Robin,  Leydig,  Babuchiiit 
and  others,  the  author  describes  the  arrangement  of  the  muscles  m 
the  tail  of  Selachians  with  a  view  to  determining  which  mnscles  in 
the  skate  are  transformed  into  the  electric  organs. 

By  comparing  the  caudal  muscles  of  Scyllium,  Lamna,  Myliohatis, 
and  Raia,  it  is  made  out  that,  while  the  middle  row  of  muscular  cones 
remains  unaltered  in  the  sharks  and  rays,  it  is  transformed  into  a 
more  or  less  perfect  electric  organ  in  the  skates,  the  various  members 
of  the  genus  Raia.  It  is  pointed  out  that,  while  the  middle  row  of 
muscular  cones  is  transformed  in  Euia  into  electric  cones,  the  two 
adjacent  rows  of  cones  as  in  the  rays  and  certain  sharks  diminish  in 
size,  and  in  some  cases  disappear  about  the  middle  of  the  tail. 

In  considering  the  structure  of  the  organ,  it  is  stated  that,  when 
the  various  modifications  are  taken  into  consideration,  it  may  he 
described  as  consisting  of  a  series  of  electric  cones  made  up  of  more 
or  less  completely  metamorphosed  muscular  fibres.  Twenty-eight 
distinct  cones  were  counted  in  the  oi'gan  of  B.  hatis.  The  first, 
which  in  a  half  grown  ^b\v  ineacaxvTe^^  ^.m/vci  \^£a.%>i>a.^^^&  ^l  bat 
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t)mp1etel7  invested  by  the  last  unaltered  maRcnlar  cone.  From  the 
trst  to  the  tenth  the  cones  slightly  increased  m  length ;  but  from 
he  eleventh  they  diminished  in  length,  the  twenty-sixth  measuring 
»nly  0*75  cm.  Beyond  the  twenty -eighth  there  were  from  six  to 
light  incomplete  cones. 

In  transverse  sections  the  anterior  third  of  the  organ  was  seen  to 
present  an  oval  or  rounded  form,  while  the  middle  and  posterior 
hirds  were  less  regular,  owing  to  the  organ  coming  into  contact 
rith  the  vertebral  column,  and  being  grooved  by  the  dorsal  and 
reniral  muscles. 

The  cones  are  described  as  consisting  of  numerous  loculi  or 
thambers,  each  having  an  electric  disc  suspended  by  nerve  fibres 
rom  its  anterior  wall,  and  occupied  in  front  and  behind  the  disc 
rith  gelatinous  tissue. 

It  is  estimated  that  each  organ  in  B,  batis  is  made  up  of  about 
0,000  electric  elements,  i.e.,  about  20,000  in  the  two  organs.  Tor- 
}€do  marmorata  has  about  500,000,  and  T.  gigcmtea  about  1,000,000, 
dements  in  the  two  batteries,  all  considerably  larger  than  those  of 
he  skate. 

The  layers  of  the  electric  discs,  the  electric,  striated,  and  alveolar, 
.re  described  in  detail ;  and  the  various  views  as  to  the  termination 
dE  the  nerye  fibrils  in  the  disc  are  referred  to. 

In  the  chapter  on  the  progressiye  growth  of  the  organ  a  table  is 
(iven  to  show  that  in  B,  hatis  the  organ,  after  a  time,  grows  at  a 
preater  rate  than  the  tail  in  which  it  is  lodged,  e.g.,  in  fish  60  cm.  in 
ength  the  tail  measures  about  28  cm.,  and  the  electric  organ 
(2*5  cm.;  well-formed  discs  having  an  area  of  0*8  to  1  sq.  mm. 
in  fish  225  cm.  in  length  the  tail  measures  85  cm.,  the  organ  70  cm., 
ind  the  discs  have  an  area  of  about  2*08  sq.  mm.  In  fish  from 
25 '5  to  30*5  cm.  in  length  the  organ  is  fi*om  12*78  to  14*0  cm.,  and 
weighs  0*5  to  0*6  gram  ;  in  fish  from  83*5  to  91*25  cm.  the  organ  is 
Tom  30*50  to  34*25  cm.,  and  weighs  from  6*0  to  8*0  grams ;  in  fish 
157  cm.,  the  organ  measures  48*25  cm.,  and  weighs  25*00  grams; 
Nrbile  in  225  cm.  fish  the  organ,  which  measured  70*00  cm.,  weighed 
156*00  grams.  These  facts,  especially  the  great  size  and  weight  of 
ihe  organ  in  large  skate  (about  7  feet  in  length),  do  not  seem  to 
x>int  to  the  skate's  organ  being  in  process  of  degeneration;  more 
especially  as  the  increase  in  size  is  not  accompanied  by  any  histologic 
»1  changes  of  a  retrogressive  nature,  the  largest  organ  examined 
>eing  apparently  as  perfect  as  that  of  Torpedo  and  Gymnottu. 

In  discussing  the  organ  from  a  physiological  point  of  view,  reference 
8  made  to  the  investigations  of  Sanderson  and  Gk)tch,  and  it  is 
pointed  out  that,  when  the  electric  plate  is  taken  as  the  unit,  the  value 
>er  square  millimetre  of  the  single  plate  of  the  skate  is  in  all  prob- 
^bilitj  equal  to,  if  not  greater  than,  tliat  ol  tYi^  Vst^^o. 
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The  stmctares  of  the  organs  of  the  skate  and  torpedo  are  oompand 
at  length,  and  it  is  shown  that  in  the  case  of  the  torpedo  all  the 
non-essential  stractures  are  absent,  while  the  all-esseDtial  part,  the 
electric  layer  or  plate,  closely  resembles  the  corresponding  layer  or 
plate  in  the  skate,  the  electric  layer  of  B.  circularis  being  especiallj 
like  that  of  the  torpedo. 

In  considering  the  modifications  of  the  electric  organ  in  the  skite 
genus,  it  is  shown  that  in  all  the  British  species,  with  the  exception 
of  B,  radiata^  B,  circularise  and  B.  fuHoni^M^  the  elements  are  in  the 
form  of  discs.     In  the  three  exceptions  the  elements  are  more  or  less 
cap-shaped.     In  B.  radiata^  as  described  in  a  former  paper,  they  are 
in  the  form  of  thick- walled  shallow  cups.     The  electric  plate,  ap- 
parently a  greatly  enlarged  motor  plate,  lines  the  cup,  which  throngh- 
out  resembles  an  ordinary  striated  muscle.     In  B.  circularise  a  mora 
specialised  member  of  the  group,  the  electric  elements  are  larger  and 
better  developed.     The  cups  are  deep  and  well  moulded,  and  the 
electric  layer  is  even  more  complex  than  in  B.  hatis ;  at  least,  it  more 
closely  resembles  the  electric  layer  of  the  torpedo.      Further,  the 
cups  are  invested  by  a  thick  nucleated  cortex,  from  which  a  number 
of  delicate  short  processes  project — the  first  appearance  of  the  long 
proDgs  found  in  B,  hatis.     In  B.  fullonica  the  electric  elements  stand 
nearly  midway  between   the   only   partially   transformed   muscular 
fibres  of  B.  radiata  and  the  complex  discs  of  B.  hatis.     The  cups  in 
B,  fullonica  are  less  deep  than  in  B.  circularis;  and  while  the  electric 
and  striated  layers  appear  to  be  all  but  identical  in  the  two  species, 
the  cortex  is  decidedly  more  like  that  of  B,  hatis.     The  short  simple 
processes  of  B.  circularis  are  represented  in  B.  fidlonic-a  by  processes, 
often  complex,  which,  by  projecting  freely  from  the  outer  surface  of 
the  cup,  give  it  an  irregular  villous  appearance,  and  at  once  suggest 
the  processes  or  prongs  which  are  so  characteristic  of  the  alveolar 
layer  of  B.  hatis. 

After  giving  a  summary  of  his  observations  on  the  electric  organ 
of  the  skate,  the  author  concludes  by  pointing  out  that  it  is  not  yet 
possible  to  indicate  by  what  method  the  electric  organs  of  fishes  have 
been  produced. 
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Second  Charter^  1663. 


494.     Incorporation  and  Corporate  Name. 

494.  The  King  himself  Founder  and  Patron. 

495.  Capacity  to  purchase ;  and  to  grant ;  and  to  sae  and  be  sned ; 

and  to  have  a  common  Seal ;  (which  they  have  Liberty  to 
alter  at  pleasnre.) 

495.  (}rant  of  Arms,  viz.  Argent;   in  a  Canton  Dexter,  the  three 

Lions  of  England :  and  also  of  a  Crest,  and  Supporters. 

496.  The   Council  shall   consist  of   Twenty-one  ;    (of  whom,  the 

President  or  his  Deputy  shall  be  always  one.) 

496.  AJl  other   Persons   who   shall   be  received  and  admitted  as 

Members,  by  the  President  and  Council,  or  any  eleven  or 
more  of  them  (of  whom,  Ac.),  or  by  two  Thirds  or  more  of 
those  eleven  or  more  toithin  two  Months ;  and  at  all  Times 
after  those  two  Months;  by  the  President,  Conucil,  and 
Fellows,  or  by  any  twenty-one  or  more  of  them  (of  whom 
the  President  or  his  Deputy  to  be  one),  or  by  two  third 
Parts  or  more  of  the  said  twenty-one  or  more ;  and  shall  be 
registered ;  shall  be  called  FelUnvs  of  the  said  Royal  Society, 
for  Life,  unless  regularly  amoved. 

497.  William  Lord  Viscount  Brouncker,    named    to   be  the  first 

President;  to  continue  so  till  the  next  St.  Andrew's  Day, 
and  till  another  (out  of  the  Council)  should  be  chosen  and 
sworn.  He  himself  to  be  first  sworn  in  before  the  Lord 
Chancellor. 

497.     The  President's  Oath. 

497.  The  first  Council  named.  To  continue  till  next  St.  Andrew's 
Day,  and  till  others  shall  be  elected  and  sworn,  unless 
amoved  for  just  Cause  ;  having  first  taken,  before  the 
President,  the  like  Oath  as  he  toqk,  mutatis  mutandis. 

499.  The  President,  Council,  and  Fellows,  or  any  nine  or  more  of 
them  (of  whom,  &c.),  may  hold  Assemblies  at  any  Time  or 
Place  in  London,  or  within  ten  Miles  of  it. 

VOL,  L.  ^  ^ 
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49i}.  The  President,  Council,  and  Fellows,  or  any  thirty-one  or  more 
of  them  (of  whom  the  President  or  his  Deputy  to  be  one),  or 
the  major  part  of  snch  thirty-one  or  more,  may  npon  every 
St.  Andrew's  Day,  annually,  elect  one  of  the  Gonncil  to  be 
their  President,  who  shall  continue  so,  (if  not  dead  or 
amoved,)  till  the  next  St.  Andrew's  Day,  and  till  another 
shall  be  elected  ;  having  first  been  sworn  in  before  tbe 
Council,  or  any  seven  or  more  of  them. 

500.  On  the  Death  or  Amotion  of  a  President,  or  if  he  quit,  the 
Council  or  any  eleven  or  more  of  them  may  meet  to  choose 
a  President  out  of  the  Council :  and  the  Person  chosen  hj 
them,  or  the  major  part  of  them,  being  sworn,  shall  hold 
during  the  Residue  of  the  Year,  and  until  another  shall  be 
elected  and  sworn. 

500.  On  the  Death,  Amotion,  or  quitting  of  any  of  the  Council,  (who 
are  hereby  made  amoveable  by  the  President  and  Council 
for  sufficient  Cause,)  the  President,  Council,  and  Fellows,  or 
any  twenty-one  or  more  of  them  (of  whom,  Ac.),  or  the 
major  part  of  such  twenty-one  or  more,  may  supply  the 
Vacancy  from  amongst  the  Fellows:  And  the  Person  or 
Persons  elected  shall  hold,  (being  first  sworn,)  till  the  next 
St.  Andrew's  Day,  and  until  another  or  others  shall  be 
elected. 

601.  On  St.  Andrew's  Day,  Ten  of  the  Council  (but  no  more)  are  to 
be  changed  by  the  President,  Council,  and  Fellows,  or  any 
thirty-one  or  more  of  them  (of  whom  the  President  or  his 
Deputy  always  to  be  one,)  or  the  major  part  of  such  thirty- 
one  or  more. 

601.  The  President  may  appoint  One  out  of  the  Council  to  be  his 

Deputy;  who  may  act  as  such  in  his  Absence,  unless  the 
President  make  some  other  Deputy  out  of  the  Council. 

602.  The  Deputy  may,  in  the  Absence  of  the  President,  do  all  Act« 

that  he  himself  could  do  if  present ;  but  he  must  first  be 
sworn  before  the  Council,  or  seven  or  more  of  them. 

502.  The  Society  may  have  a  Treasurer,  two  Secretaries,  two  or  more 

Curators  of  Experiments,  one  Clerk  or  more,  and  two 
Sergeants  at  Mace  to  attend  upon  the  President.  All  these 
are  to  be  chosen  and  named  by  the  President,  Council,  and 
Fellows,  or  any  thirty-one  or  more  of  them  (of  whom  the 
President  or  his  Deputy  to  be  one,)  or  by  the  major  Part  of 
such  Thirty-one  or  more;  And  they  must  be  sworn  before 
the  President  or  his  Deputy,  and  the  Council,  or  any  seven 
or  more  of  them. 

503,  The  first  Treasurer  na.me^\  «u\i^Ts.Uo  ike  two  first  Secretaries. 
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M)3.  On  every  St.  Andrew's  Day  (unless  it  be  Sunday,  and  then  on 
the  next  Day,)  the  President,  Council,  and  Fellows,  or  any 
Thirty-one  or  more  of  them  (of  whom,  Ac),  or  the  major 
Part  of  such  Thirty-one  or  more,  may  elect  proper  Persons 
out  of  the  Council  to  be  Treasurer  and  Secretaries ;  who, 
after  being  sworn,  are  to  hold  their  Offices  till  the  following 
St.  Andrew's  Day. 

>04.  If  the  Elections  of  President,  Council,  Treasurer,  and  Secretaries, 
or  any  of  them,  cannot  conveniently  be  made  or  finished 
upon  St.  Andrew's  Day,  the  President,  Council,  and  Fellows, 
or  any  Thirty-one  or  more  of  them  (of  whom,  &c.),  or  the 
major  Part  of  such  Thirty-one  or  more,  may  appoint  one  or 
more  other  Day  or  Days  till  they  shall  be  finished. 

S04.  If  any  of  the  said  Officers  die,  quit,  or  be  amoved,  the 
President,  Council,  and  Fellows,  or  any  Twenty-one  or  more 
of  them  (of  whom  the  President  or  his  Deputy  to  be  one,) 
or  the  major  Part  of  such  Twenty-one  or  more,  may  elect 
others  for  the  Residue  of  the  Year,  and  till  new  ones  shall 
be  elected  and  sworn. 

504.  The  President  and  Council  {every  Member  of  the  Coancil  being 

always  duly  summoned  to  extraordinary  Meetings,)  or  any 
Nine  or  more  of  them  (of  whom  the  President  or  his 
Deputy  to  be  one)  may  meet  in  London  or  within  ten  Miles 
of  London ;  and  they,  or  the  major  Part  of  them,  may  make 
Laws,  Statutes,  and  Ordinances,  and  transact  all  Matters 
relating  to  the  Management  of  the  Society  and  its  Affairs, 
and  all  their  Acts  shall  be  valid :  but  their  Statutes  must  be 
reasonable,  and  not  contraiy  to  Law. 

505.  The  President,  Council,  and  Fellows,  or  any  Twenty-one  or 

more  of  them  (of  whom  the  President  or  his  Deputy  to  be 
always  one),  or  the  major  Part  of  such  Twenfcy-one  or  more, 
may  appoint  one  Printer  or  more,  and  one  Engraver  or  more, 
and  authorise  them,  by  writing  under  the  common  Seal,  and 
signed  by  the  President,  to  print  such  Things  (touching  or 
concerning  the  Royal  Society)  as  shall  be  given  them  in 
Charge  by  the  Pi*esident  and  Council,  or  any  Seven  or  more 
of  them  (of  whom  the  President  or  his  Deputy  to  be  otae), 
or  the  major  Part  of  such  Seven  or  more.  They  must  be 
first  sworn  before  the  President  and  Council,  or  Seven  or 
more  of  them. 

506.  The  President,  Council,  and  Fellows,  or  any  nine  or  more  of 

them  (of  whom,  <fec.),  or  the  major  Part  of  such  nine  or 
more,  shall  have  the  same  Right  to  demand  and  receive 
(by  their  Ajsuiignee  or  AasignoeB)  t\i^  \^o^\^'«^  q\  ^ia^s^^Xr^ 
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Criminals,  and  to  anatomize  them,  as  the  College  of 
PhTsicians  and  the  Company  of  Surgeons  of  London  use 
or  enjoy. 

506.  Licence  is  given  to  them  or  any  nine  (as  last  above,)  or  the 

major  Part  of  them,  to  hold  a  Correspondence,  on  Philo- 
sophical, Mathematical,  or  Mechanical  Subjects,  with  all 
sorts  of  Foreigners,  by  Letters  signed  by  the  President  or 
his  Deputy,  in  the  Presence  of  the  Council,  or  any  Seven  or 
more  of  them,  and  in  the  name  of  the  Society. 

507.  Licence  given  to  the  President,  Council,  and  Fellows,  or  to 

the  President  and  Council,  or  the  major  Part  of  them,  to 
build  a  College  or  Colleges  in  London,  or  within  ten  Miles 
of  it. 

507.  If  any  abuses  shall  happen,  or  Dissensions  arise,  they  shall  Ve 

reformed  and  settled  by  the  Earl  of  Clarendon  (Lord  Chan- 
cellor) alone,  if  living ;  and  after  his  Death  by  the  Arch- 
bishop of  Canterbury,  the  Chancel) or  or  Keeper  of  the  Great 
Seal,  the  Treasurer,  Privy  Seal,  Bishop  of  London,  and  two 
principal  Secretaries,  for  the  Time  being,  or  any  four  or 
more  of  them. 

508.  General  Clauses. 


Third  Charter,  1669. 

609.  Grant  of  Lands-  in  Chelsey;  Tenure;  Rent;  Exonerations, 
Acquittances,  Ac. 

514.  Recital  of  some  Parts  of  the  Second  Charter.  It  takes  Notice 
that  several  Powers,  granted  by  that  Charter,  cannot  be 
executed  but  by  the  President  and  Council  or  seven  or  more 
of  them  ;  by  virtue  of  that  Chnrtor.  This  Charter  directs 
that  the  President's  Deputy  shall  continue  in  Office,  although 
the  President  do  appoint  one  or  more  others :  And  it  gives 
him  express  Power  to  appoint  two  or  more  Deputies,  oat  of 
the  Council,  at  one  and  the  same  Time ;  who  may,  each  of 
them,  do  the  same  Acts  in  his  Absence,  as  he  himself  could 
do  if  present.  But  they  must  first  bo  sworn  before  the 
Council,  or  Jive  or  more  of  them. 

^18.  For  the  Future,  the  President,  Council,  and  Fellows,  or  any 
nine  of  them  (of  whom  the  President  or  his  Deputy  to  be 
always  one),  may  hold  their  As.semblics  anywhere  tDtthin 
the  Kingdom  oj  EiiGiA^D. 
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18.  All  Powers,  d^c,  which  could  not  be  exercised  heretofore  but 

by  the  President  and  Gonncil,  or  seven  or  more  of  them,  may 
for  the  future  be  exercised  by  the  President  and  Council,  or 
&ny  five  or  more  of  them. 
18.||For  the  future,  the  President  may  appoint  one  Printer  or  more, 
and  one  Engraver  or  more,  and  authorise  him  or  them  to 
print  such  Things  (touching  or  concerning  the  Boyal 
Society)  as  shall  be  given  to  him  or  them  in  Charge,  by  the 
President  and  Council,  or  any  five  or  more  of  them  (of 
whom  the  President  or  his  Deputy  to  be  one),  or  by  the 
major  Part  of  such  five  or  more.  .  They  must  be  first  sworn 
before  the  President  and  Council,  or  any^e  or  more  of  them. 

19.  General  confirmatory  Clauses. 

20.  The  President  and  Vice-Presidents  are  enjoined  to  take  the 

Oath  of  Obedience  and  the  Oath  of  Supremacy^  before  the 
Council,  or  seven  or  more  of  them,  previously  to  their  acting. 
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CHAPTER  I. 

Of  the  Election  and  Admission  of  Fellows, 

I.  No  person  shall  be  proposed,  elected,  or  admitted  a  Fellow  of 
he  Society  on  the  day  of  the  Anniversary  Meeting  for  electing  the 
i/ouncil  and  Officers. 

II.  Every  Fellow,  previously  to  his  propoBing  a  person  as  a 
candidate  for  Election,  shall  inform  him  of  the  Obligatioxi  to  be 
nbscribed,  of  the  sum  to  be  paid  for  admission  money,  and  of  the 
payments  to  be  made  to  the  Society,  before  he  can  be  admitted 
.  Fellow. 

in.  Every  such  Candidate  shall  be  proposed  and  recommended  by 
b  certificate  in  writing  signed  by  six  or  more  Fellows,  of  whom  three 
.t  least  shall  certify  their  recommendation  from  personal  knowledge. 
[?he  certificate  shall  specify  the  name,  rank,  profession,  qualifications^ 
ind  usual  place  of  residence  of  th3  Candidate ;  and  being  delivered 
o  one  of  the  Secretaries,  or  to  the  Assistant  Secretary,  shall  be 
egistered,  with  the  date  of  delivery,  in  a  book  to  be  kept  for  the 
lurpose,  and  read  at  the  next  ordinary  meeting ;  and,  if  so  ordered, 
haU  be  suspended  in  some  convenient  place  in  the  Apartments  of  the 
Society  nntil  the  day  of  Election. 
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IV.  Any  one  of  Her  Majesty's  subjects  who  is  a  Prince  of  the 
Blood  Royal  may,  nevertheless,  be  proposed  at  one  of  the  Ordinary 
Meetings  of  the  Society  by  any  FeDow,  and  may  be  put  to  the  vote 
for  Election  on  the  same  day,  provided  public  notice  of  such  proposi- 
tion shall  have  been  given  by  the  proposer  at  the  preceding  Meeting 
of  the  Society. 

Any  Member  of  Her  Majesty's  Privy  Council  may  be  proposed  at 
any  Ordinary  Meeting  by  means  of  a  certificate  prepared  in  acoordanoe 
with  Statute  III.  of  this  Chapter,  no  distinction,  however,  being  made 
between  personal  and  general  knowledge,  and  the  fact  of  the 
Candidate  being  a  Member  of  the  Privy  Council  being  alone  stated  as 
the  qualification.  Such  certificate,  on  being  allowed  by  the  Society, 
shall  be  suspended  in  some  convenient  place  in  the  apartments  of  tlie 
Society  until  the  day  on  wbich  a  ballot  is  taken  upon  it.  Tbe  date 
proposed  for  the  ballot,  which  shall  not  be  earlier  than  the  third 
Ordinary  Meeting  after  that  at  which,  the  certificate  is  read,  shall  be 
announced  at  the  head  of  the  certificate. 

Y.  At  the  first  Ordinary  Meeting  of  the  Society  in  March,  the 
names  of  all  Candidates  proposed  subsequently  to  the  first  Meeting  in 
March  of  the  preceding  year,  including  those  whose  certificates 
have  been  resuspended  as  hereinafter  provided,  shall  be  announced  by 
the  Secretary  from  a  list  aiTanged  in  alphabetical  order,  without 
reference  to  the  dates  of  the  certificates  of  the  Candidates ;  and  these 
certificates  shall  remain  suspended  until  the  day  of  Election. 

VI.  In  the  first  week  in  April  a  list  shall  be  printed,  containing 
the  names  of  all  the  Candidates  so  announced  at  the  first  Meeting  in 
March,  arranged  in  alphabetical  order,  without  reference  to  the  dates 
of  the  certificates,  together  with  the  names  of  the  Fellows  by  whom 
each  Candidate  is  proposed  and  recommended ;  and  a  copy  of  such 
list  shall  immediately  thereafter  be  sent  to  every  Ordinary  Fellow. 

VII.  The  Council  shall  select  by  ballot  from  such  printed  list  or 
Candidates  a  number  not  exceeding  fifteen,  to  be  recommended 
to  the  Society  for  Election ;  but  no  such  selection  by  the  Council 
shall  be  valid  unless  eleven  Members  at  least  be  present  and  vote,  a 
majority  deciding,  or  in  the  event  of  equality  the  President  having  a 
second  or  casting  vote. 

VIII.  At  the  first  Ordinary  Meeting  of  the  Society  in  May,  the 
President  shall  read  from  the  Chair  the  names  of  the  Candidates 
whom  the  Council  have  selected  as  most  eligible,  arranged  in  alpha- 
betical order ;  and  after  such  Meeting,  a  circular  letter  shall  be  forth- 
with sent  to  every  Fellow,  naming  the  day  and  hour  of  Election,  and 
inclosing  a  pHnted  list  of  the  selected  Candidates,  with  space  for  such 
alterations  as  any  Fellow  may  determine  to  make  in  pursuance  of 
Statute  X.  of  this  Chapter. 

IX.  The  election  ot  Ordmar^  Ye\k>^\^  Tio\.  vsiO^^^^^  \si  tke  privi- 


Statutes  of  the  Royal  Society •  485 

ieged  classes  referred  to  in  Statute  IV.  of  this  Chapter,  shall  take 
place  on  the  first  Thursday  of  June ;  unless  the  Council  shall  alter 
the  day  of  Election  to  anj  other  day  in  the  month  of  June,  in  which 
case  due  notice  of  such  alteration  shall  he  given  to  every  Ordinary 
Fellow. 

X.  On  the  day  of  Election  two  Scrutators  shall  be  nominated  by 
the  President,  with  the  approbation  of  the  Society,  to  assist  the 
Secretaries  in  examining  the  lists;  and  each  Fellow  present  and 
Toting,  shall  deliver  to  one  of  the  Secretaries  or  Scrutators  one  of  the 
printed  lists  mentioned  in  Statute  YIII.  of  this  Chapter,  having 
erased  the  name  of  any  Candidate'  or  Candidates  for  whom  he  does 
not  vote,  and,  if  he  shall  have  thought  fit,  having  substituted  or 
added  the  name  of  any  other  Candidate  or  Candidates  contained  in 
the  printed  list  sent  in  pursuance  of  Statute  YI.  of  this  Chapter. 

XI.  One  of  the  Secretaries  shall  take  down  the  names  of  the 
Fellows  who  vote,  and  the  Scrutators,  after  examining  the  lists  with 
the  Secretaries,  shall  report  to  the  President  the  names  of  the  Candi- 
dates who  shall  have  been  duly  elected  in  compliance  with  the 
Charters,  and  the  President  shall  announce  those  names  from  the 
Chair. 

XII.  Any  Candidate  announced  at  the  first  Ordinary  Meeting  of 
the  Society  in  March,  as  aforesaid,  who  shall  not  have  been  elected, 
ahall,  if  his  proposers,  or  any  one  of  them,  so  request  in  writing,  con- 
iinne  a  Candidate ;  his  name  shall  be  placed  in  alphabetical  order 
with  those  of  the  new  Candidates  to  be  announced  in  March  following, 
and  his  certificate  shall  be  suspended  along  with  those  of  the  new 
Candidates.  Any  additional  qualifications  of  such  a  Candidate  may 
be  set  forth  in  a  supplementary  certificate  to  be  signed  by  not  fewer 
than  six  Fellows. 

XIII.  Every  person  who  is  elected  a  Fellow  shall  appear  for  hia 
adinission  on  or  before  the  fourth  Ordinary  Meeting  of  the  Society 
after  the  day  of  his  election,  or  within  such  further  time  as  shall,  for 
some  sufficient  cause,  be  granted  by  the  Council;  otherwise  his 
election  shall  be  void. 

XIY.  The  admission  of  any  Fellow  into  the  Society  shall  be  at 
some  Ordinary  Meeting,  in  manner  and  form  following,  he  having 
first  made  the  payments  required  by  the  Statutes.  Immediately  after 
the  reading  of  the  Minutes  has  been  concluded,  he  shall  subscribe  the 
Obligation  in  the  Charter-book,  and  be  introduced  to  the  President, 
who,  taking  him  by  the  hand,  shall  say  these  words:  I  do,  by  the 
authority  and  in  the  name  of  the  Boyal  Society  of  Londo^i,  for  improving 
natural  knowledge^  adw,it  you  a  Fellow  thereof. 

XY.  The  Election,  the  payments  made  previous  to  admission,  and 
the  admission  of  every  person  into  the  Society,  with  the  time  thereof, 
shall  be  recorded  in  the  Journal-book. 
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XVI.  No  person  shall  be  deemed  a  Fellow  of  the  Society  nntil  he 
has  made  the  payments  required  by  the  Statutes;  nor  shall  he  be 
entitled  to  vote  at  any  Election  or  Meeting  of  the  Society  until  he 
shall  have  been  admitted  in  the  manner  and  form  above  specified. 

XVII.  Persons  may  be  elected  into  the  Society,  under  the  title  of 
Foreign  Members,  who  are  neither  natives  nor  inhabitants  of  Her 
Majesty's  dominions,  and  shall  be  exempted  from  the  operation  of 
Chapters  II.  and  III.  of  these  Statutes ;  they  shall  be  selected  from 
among  men  of  the  g^atest  eminence  for  their  scientific  discoveries 
and  attainments. 

XVIII.  The  Council  shall  from  time  to  time,  as  they  shall  see  fit, 
put  in  nomination  persons  for  Election  as  Foreign  Members,  not 
exceeding,  with  those  already  elected,  the  number  of  fifty. 

XIX.  A  book  shall  be  kept  in  which  Members  of  the  Council  may 
enter  the  names  of  those  men  of  science  whom  they  suggest  as  Foreign 
Members ;  each  entry  shall  be  signed  by  the  proposer  and  be  accom^ 
panied  by  a  short  statement  of  the  principal  grounds  on  which  the 
suggestion  is  made,  and  shall  be  valid  for  three  years  only. 

XX.  When  vacancies  are  to  be  filled  up,  a  list  of  the  persons  so 
entered  shall  be  sent  to  each  Member  of  the  Council  together  with 
notice  of  the  Meeting  at  which  the  list  will  be  considered.  At  the 
Meeting  thus  appointed  further  entries  may  be  made,  and  the  claims 
of  those  men  of  science  whose  names  have  been  duly  entered  in  the 
book  shall  be  considered,  and  a  selection  of  names  shall  be  made, 
from  among  which  the  Council,  at  a  subsequent  Meeting  to  be  then 
appointed,  may  make  nominations  to  the  Society. 

XXI.  At  the  second  Meeting  the  selection  of  the  Candidates  to  be 
nominated  shall  be  by  ballot ;  when,  if  two-thirds  of  the  Members  of 
the  Council  present  be  in  favour  of  the  nomination  of  any  Candidate, 
his  name  shall  be  proposed  at  the  next  Ordinary  Meeting  of  the 
Society,  and  shall  be  put  to  the  vote  at  the  following  Ordinary 
Meeting. 

CHAPTER   II. 

Of  the  Ohlxgation  to  he  Subscribed. 

Every  person  elected  a  Fellow  of  the  Society  shall,  before  his 
admission,  subscribe  the  Obligation  in  the  following  words  : — 

We  wlw  have  hereunto  subscribed,  do  hereby  promise  each  for  himself, 
ihat  we  will  endeavour  to  promote  the  good  of  the  Royal  Society  of 
London^  for  improving  natural  knowledge,  and  to  pursue  the  ends  for 
which  tlie  same  was  founded ;  that  we  will  be  present  at  th^  Meetings  of 
the  Society,  as  often  as  conveniently  we  can,  especially  at  the  Anniversary 
Elections,  and  upon  extr aordiuaT'y  occasions ;  and  that  we  will  observe 
the  Statutes  and  Orders  oj  the  said  Sodetvj.    "PTC)ro\^ed.^\\wx\.MiVve?iv*oc«€r 
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any  of  ue  shall  signify  to  the  President  under  his  hand,  that  he  desireth 
to  withdraw  from  the  Society,  he  shall  be  free  from  this  Obligation  for 
the  future. 

And  if  any  person  elected  shall  refuse  to  subscribe  the  said 
Obligation,  the  election  of  that  person  shall  be  void. 

CHAPTER  IIL 
Of  the  Payments  to  be  made  by  the  Fellows  to  the  Society, 

I.  Eyebt  person  elected  a  Fellow  of  the  Society  shall,  before  he  is 
admitted,  pay  the  sum  of  ten  pounds  for  admission  money,  the  sum  of 
four  pounds  for  the  year  of  his  Election,  and  the  same  sum  annually  in 
advance  so  long  as  he  shall  continue  a  Fellow  of  the  Society.  And  if 
any  such  person  shall  refuse  or  fail  to  pay  the  said  sums,  he  shall  not 
be  admitted,  and  his  Election  shall  be  void  :  except  the  said  sums  be 
remitted  in  whole,  or  in  part,  by  special  order  of  the  Council.  Pro- 
vided always  that,  except  in  the  case  of  Fellows  elected  under 
Statute  lY.  of  Chapter  I.,  the  admission  fee  of  each  Fellow  shall  be 
paid  out  of  the  Fee  Reduction  Fund,  and  shall  not  be  demanded  of 
the  Fellow ;  and  that,  except  in  the  case  of  Fellows  elected  under 
Statute  lY.  of  Chapter  I.,  and  Fellows  elected  befoi*e  January,  1879, 
one  pound  of  the  annual  contribution  shall  be  paid  out  of  the  Fee 
Reduction  Fund. 

n.  All  who  have  or  may  become  Fellows  of  the  Society  may  at 
any  time  compound  for  their  annual  payments,  by  paying  at  once  the 
sum  of  sixty  pounds. 

m.  All  Annual  Contributions  shall  be  considered  to  be  due  on  the 
25th  day  of  March  in  each  year.  Every  Fellow  of  the  Society  liable 
to  an  Annual  Payment  shall  (previously  to  the  25th  day  of  March  in 
every  year)  bring  or  send  the  same  to  the  Treasurer  or  the  Assistant 
Secretary.  And  if  any  such  Fellow,  after  notice  sent  by  post  to  his 
usual  address,  in  May,  and  again  in  September,  shall  fail  to  pay  the 
same  before  the  first  day  of  October  in  each  year,  hia  name  shall  be 
suspended  in  the  public  Meeting-room  of  the  Society  as  being  in 
arrear,  and  shall  continue  so  suspended  until  the  sum  due  be  paid. 
And  if  any  such  Fellow  shall  fail  to  pay  his  subscription  on  or  before 
the  first  day  of  November  in  each  year,  no  satisfactory  reason  having 
been  assigned  to  the  President  and  Council  for  such  non-payment,  he 
shall  cease  to  be  a  Fellow  of  the  Society.  Provided,  nevertheless, 
that  on  a  solicitation  for  readmission  being  addressed  to  the  President 
and  Council  by  an  individual  so  circumstanced,  within  the  space  of  one 
year  following  St.  Andrew's  Day,  the  case  of  the  individual  so  solicit- 
ing shall  be  stated  by  the  President  from  the  Chair,  at  one  of  the 
Ordinary  Meetings  of  the  Society,  and  the  question  of  his  readmission 
be  put  to  the  vote  at  the  next  Ordinary  Meeting  oi  ^i\i!^  ^ocs\fi\>^ « 
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CHAPTER  IV. 

0/  the  Death  or  Recess  of  any  Fellow. 

The  Death  or  Recess  of  any  Fellow  of  the  Society  shall  be  recoTded 
in  the  Journal-book  of  the  Society,  and  the  names  of  sach  persons 
announced  from  the  Chair,  at  the  Anniyersary  Meeting  for  electing 
the  Coancil  and  Officers. 

CHAPTER  V. 

Of  the  Causes  amd  Form  of  Ejection, 

I.  If  any  Fellow  of  the  Society  shall  contemptuously  or  oontumt* 
ciously  disobey  the  Statutes  or  Orders  of  the  Society  or  Council ;  or 
shall,  by  speaking,  writing,  or  printing,  publidy  defame  the  Society ; 
or  advisedly,  maliciously,  or  dishonestly  do  anything  to  the  damage, 
detriment,  or  dishonour  thereof,  he  shall  be  ejected  out  of  the  Society. 

H.  Whensoever  there  shall  appear  to  be  cause  for  the  ejection  of  any 
Fellow  out  of  the  Society,  the  subject  shall  be  laid  before  the  Council; 
and  if  a  majority  of  the  Council  shall,  after  due  deliberation,  deter* 
mine  by  ballot  to  propose  to  the  Society  the  ejection  of  the  said 
Fellow,  the  President  shall  in  that  case,  at  some  Ordinary  Meeting  of 
the  Society,  announce  from  the  Chair  such  determination  of  the 
Council ;  and  at  the  Ordinary  Meeting  next  after  that  at  which  the 
said  announcement  has  been  made,  the  Society  shall  proceed  to  deter- 
mine the  question;  and  on  its  appearing  that  two-thirds  of  the 
Members  present  have  voted  for  the  ejection  of  the  said  Fellow,  the 
President  shall  proceed  to  cancel  his  name  in  the  Register,  and  at  the 
same  time  pronounce  him  ejected  in  these  words  : — 

I  do,  by  the  authority  and  in  the  name  of  the  Uoyal  Society  of  London, 
for  improving  natural  knowledge,  declare  A,  B,  to  he  noto 
ejected,  and  no  longer  a  Fellow  thereof. 

And  the  ejection  of  every  such  person  shall  be  then  recorded  in 
the  Journal-book  of  the  Society;  and  his  name,  as  ejected,  be  also 
read  at  the  next  Anniversary  Meeting  for  Elections. 

CHAPTER  VI. 

Of  the  Election  of  the  Council  and  Officers, 

I.  At  the  two  Ordinary  Meetings  of  the  Society  next  preceding 

the  day  of  the  Anniversary  Election,  the  President  shall  give  notice 

of  the  said  Election  ;  and  declare  how  much  it  imports  the  good  of  the 

Society,   that  such  persona  niay  \io  cVo^evi  \?a!^o  \}cvfe  ^^^xrcks^l^  0.8  are 
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^ost  likely  to  attend  the  Meetings  and  business  of  the  Council,  out  of 
'^hora  there  may  be  made  the  best  choice  of  a  President  and  other 
Officers. 

II.  Every  Fellow  of  the  Society  whose  residence  is  known,  shall 
Haye  notice  of  the  Anniversary  Meeting  for  electing  the  Council  and 
Officers  for  the  year  ensuing,  by  particular  summons,  which  summons 
shall  be  sent  to  the  place  of  residence  of  such  Fellow,  a  week  at  the 
Jeast  before  the  day  of  Meeting ;  and  shall  be  to  this  efEect : — 

These  are  to  give  notice  that  on  the  day  of 

the  Council  and  Officers  of  the  Royal  Society  are  to  be  elected 
for  the  year  ensuing ;  at  which  Election  your  presence  is  eX' 
pected,  at  of  the  clock  in  the  precisely. 

in.  Tbe  Council  for  the  ensuing  year,  out  of  which  shall  be  chosen 
the  President,  Treasurer,  Principal  Secretaries,  and  Foreign  Secretary, 
shall  consist  of  eleyen  Members  of  the  existing  Council,  and  of  ten 
Fellows  who  are  not  Members  of  the  existing  Council. 

IV.  The  President  and  Council  shall,  previous  to  the  Anniversary 
Meeting,  nominate,  by  ballot,  eleven  Members  of  the  existing  Coun- 
cil, and  also  ten  Fellows,  not  Members  of  the  existing  Council, 
whom  they  recommend  to  the  Society  for  Election  into  ihe  Council 
for  the  ensuing  year.  The  President  and  Council  shall,  also,  in  like 
manner,  nominate  by  ballot,  out  of  the  proposed  Council,  the  persons 
whom  they  recommend  to  the  Society  for  election  to  the  offices  of 
President,  Treasurer,  Principal  Secretaries,  and  Foreign  Secretary 
for  the  ensuing  year. 

Y.  At  the  ordinary  meeting  of  the  Society  preceding  the  Anni- 
versary Meeting,  the  names  of  such  persons  so  recommended  for 
Election  as  Council  and  Officers  for  the  ensuing  year  shall  be  announced 
from  the  Chair. 

YI.  Lists,  with  the  names  of  the  Fellows  recommended  by  the 
President  and  Council,  and  having  a  blank  column  opposite  for  such 
alterations  as  any  Fellow  may  wish  to  make,  shall  be  prepared  for 
the  use  of  the  Fellows,  one  week  before  the  day  of  election. 

YII.  Two  Scrutators  shall  be  nominated  by  the  President,  with 
the  approbation  of  the  Society,  to  assist  the  Secretaries  in  examining 
the  lists. 

YII  I.  Each  Fellow  voting,  shall  deliver  his  list  to  one  of  the 
Secretaries  or  Scrutators ;  and  the  name  of  each  Fellow  who  shall  so 
deliver  in  his  list  shall  be  noted  by  one  of  the  Secretaries. 

IX.  The  Scrutators,  after  examining  the  lists  with  the  Secretaries, 
shall  report  to  the  Society  the  names  of  those  having  the  majority  of 
votes  for  composing  the  Council,  and  filling  the  offices  of  President, 
Treasurer,  Principal  Secretaries,  and  Foreign  Secretary ;  the  names 
of  which  peraona  ahall  then  be  announced  ixom.  \ii[i!&  ^Ws.t. 
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X.  For  elecfcing  any  Member  of  the  Council,  or  any  Officer  to  be 
elected  by  the  Society,  npon  snch  yacancies  as  shall  happen  in  tlie 
intervals  of  the  Anniversary  Elections,  the  summons  for  snch  Elec- 
tion, and  the  proceedings  in  it,  shall  be  after  the  same  manner  as  is 
directed  for  the  Anniversary  Election. 

XI.  Upon  any  vacancy  of  the  President's  place,  occurring  in  the 
intervals  of  the  Anniversary  Elections,  the  Treasurer,  or,  in  his 
absence,  one  of  the  Secretaries,  shall  cause  the  Council  to  be  sum- 
moned for  the  Election  of  a  new  President :  and  the  Council  meetinf!^ 
thereupon  in  the  usual  place,  or  any  eleven  or  more  of  them,  shall 
proceed  to  the  said  Election,  and  not  separate  until  the  major  part  of 
them  shall  have  agreed  upon  a  new  President. 

CHAPTER  VII. 
Of  the  Preside7it 

I.  The  business  of  the  President  shall  be  to  preside  at  all  the 
meetings,  and  regulate  all  the  debates,  of  the  Society,  Council,  and 
Committees ;  to  state  and  put  questions  both  in  the  affirmative  and 
negative,  according  to  the  sense  and  intention  of  the  meetings ;  to  call 
for  reports  and  accounts  from  Committees,  and  others ;  to  check 
irregularities,  and  to  keep  all  persons  to  order ;  to  summon  aU 
Meetings  of  the  Council,  and  Committee  of  Papers ;  and  to  execute, 
or  see^to  the  execution  of,  the  Statutes  of  the  Society. 

II.  The  President  shall  take  precedence  of  every  Fellow  of  the 
Society,  at  their  ordinary  place  of  meeting ;  and  also  in  all  other 
places,  where  any  number  of  the  Fellows  meet  as  a  Society,  Council, 
or  Committee. 

III.  lu  the  absence  of  the  President,  one  of  the  Vice-Presidenta 
shall  act  as  his  deputy,  and  may  do,  in  the  absence  of  the  President, 
the  same  acts  as  the  President  himself  could  do  if  present. 


CHAPTER  VIII. 

Of  the  Treasurer  and  his  Accmmts. 

I.  The  Treasurer,  or  some  person  appointed  by  him,  shall  receive 
for  tlie  use  of  the  Society,  all  sums  of  money  due  or  payable  to  the 
Society ;  and  shall  pay  and  disburse  all  sums  due  from  or  payable  bv 
the  Society  ;  and  shall  keep  particular  Accounts  of  all  such  receipts 
and  payments. 

II.  Every  sum  of  money  payable  on  account  of  the  Society, 
exceeding  Ten  Pounds,  shall  be  paid  only  by  order  of  the  Council ; 
hut  payments  for  rates  or  tax^^,  to  \sja.^  ^moraxi^.,  tmcj  \a«e  made  by 
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ihe  Treasurer,  i?vitliont  any  specific  order  of  the  Council  for  that 
purpose. 

III.  All  sums  of  money,  which  there  shall  not  be  present  occasion 
for  expending,  or  otherwise  disposirig  of  to  the  use  of  the  Society, 
shall  be  laid  out  in  such  Government  or  other  securities  as  shall  be 
approved  of  and  directed  by  the  Coancil. 

rV.  The  Treasurer  shall  keep  a  yearly  account  of  all  such  Fellows 
of  the  Society  as  pay  the  sum  appointed  as  the  composition  in  lieu  of 
annual  payments ;  and  also  of  those  who  make  the  annual  payments  : 
and  in  this  account  shall  be  noted  the  times  up  to  which  the  annual 
payments  have  been  made,  and  the  arrears  due  from  each  Fellow. 

y.  The  Treasurer  shall  also  keep  a  book  of  Cheque  Receipts  for 
annual  payments,  to  be  filled  up  with  the  name  of  the  Fellow  paying, 
the  sum  paid,  and  the  time  for  which  payment  is  made ;  these 
Receipts  to  be  signed  by  the  Treasurer,  or  by  the  Assistant  Secretary 
receiving  the  money  on  the  Treasurer's  behalf,  who,  upon  the  delivery 
of  the  Receipt  to  the  Fellow  paying,  is  to  enter  upon  that  part  of  the 
Cheque  which  is  left  in  the  Book,  the  above  particulars,  and  also  the 
day  of  payment. 

YI.  The  Treasurer  shall  demand,  or  cause  to  bo  demanded,  all 
arrears  of  annual  payments,  as  soon  as  convenient  after  the  first 
day  of  May. 

VII.  The  Accounts  of  the  Treasurer  shall  be  audited  annually,  a 
short  time  preceding  the  Anniversary  Elections,  by  a  Committee 
consisting  of  three  Members  of  the  Council,  of  whom  the  President  or 
one  of  the  Secretaries  to  be  one ;  and  of  three  Fellows  of  the  Society 
not  Members  of  the  Council,  who  are  to  be  nominated  by  the  Presi- 
dent, with  the  consent  of  the  major  part  of  the  Fellows  present,  given 
by  ballot  at  one  of  the  three  next  preceding  weekly  meetings ;  any 
one  or  more  of  the  said  three  Members  of  the  Council,  together  with 
any  one  or  more  of  the  said  three  Fellows,  shall  be  a  Quorum  of  the 
said  Committee ;  the  Members  of  the  said  Committee  who  are  of  the 
Council  shall  make  their  Report  to  the  Council  held  next  after  such 
audit,  on  or  before  the  Anniversary  Election;  and  the  Members 
of  the  said  Committee  who  are  not  of  the  Council  shall  make  their 
Report  to  the  Society,  upon  the  Meeting  next  before  the  Anniversary 
Election,  or  on  the  day  of  the  said  Election. 

VIII.  The  Treasurer  shall  have  the  charge  of  the  Title  Deeds  of 
the  Society's  Estates,  the  Policies  of  Insurance,  and  Securities. 

IX.  As  soon  after  the  Audit  as  may  be,  and  before  the  Anniver- 
sary Meeting,  the  Treasurer  shall  cause  an  abstract  of  the  Society's 
Accounts  of  the  preceding  year  to  be  printed  for  the  use  of  the 
Fellows. 
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CHAPTER  IX. 
Of  the  Secretaries, 

I.  The  Secretaries,  or  one  of  them,  shall  have  inspection  over  the 
Assistant  Secretary ;  and  shall  give  the  Orders  and  Directions  con- 
cerning the  entering  and  writing  of  all  minntes  or  matters  in  the 
Jonrnal-books  of  the  Society  or  Coancil,  or  anj  other  Books  of  the 
Society ;  and  also  concerning  any  orders  or  other  writings  for  the  nse 
and  service  of.  the  Society. 

II.  The  Secretaries,  or  one  of  them,  shall  attend  all  meetings  of 
the  Society,  Council,  and  Committee  of  Papers ;  where,  when  the 
President  has  taken  the  Chair,  one  of  the  Secretaries  shall  read  the 
minntes,  orders,  and  entries  of  the  preceding  meeting;  and  shall 
afterwards  take  minntes  of  the  business  and  orders  of  the  present 
meeting,  to  be  entered  by  the  Assistant  Secretary  in  the  respective 
books  to  which  they  relate. 

III.  At  the  meetings  of  the  Society,  Lists  of  the  Presents  made 
from  time  to  time  to  the  Society  shall  be  laid  on  the  Table,  by  one  of 
the  Secretaries,  for  the  inspection  of  the  Fellows ;  and  the  Thanks  of 
the  Society  to  the  Donors  shall  be  proposed  from  the  Chair  preyionslj 
to  the  reading  of  the  first  Paper.  One  of  tho  Secretaries  shall  give 
notice  of  any  Candidate  who  stands  proposed  for  election  into  the 
Society  at  that  meeting ;  and  the  Secretaries  shall  read  Letters  and 
Papers  presented  to  the  Society,  in  such  manner  as  the  President  shall 
direct. 

IV.  The  Secretaries  shall  draw  up  all  letters  to  be  written  to  any 
persons  in  the  name  of  the  Society  or  Council  (to  be  read  and 
approved  of  in  some  meeting  of  either  respectively),  except,  for  some 
j)articular  cause  or  consideration,  some  other  person  be  appointed  by 
the  Society  or  Council  to  draw  up  any  such  letter.  They  shall  like- 
wise have  the  charge  (under  the  direction  of  the  Committee  of  Papers) 
of  printing  the  Philosophical  Transactions,  the  Proceedings,  and  other 
publications  of  the  Society. 

V.  The  letters  relating  to  the  business  of  the  Society,  received 
during  each  Session,  shall  be  arranged  and  kept  in  tho  apartments 
of  the  Society. 

VI.  The  duty  of  the  Secretary  for  Foreign  Correspondence  shall 
be  to  ixjceive  and  answer  all  letters  from  foreign  parts  relating  to  the 
business  of  the  Society,  to  return  thanks  for  Presents  from  Foreigners 
made  to  the  Society,  and  to  forward  to  persons  elected  Foreign  Mem- 
bers tlie  Diplomas  certifying  their  election  into  the  Society. 
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CHAPTER  X. 
Of  the  Assistant  Secretary. 

I.  The  person  who  shall  be  chosen  to  the  office  of  Assistant 
Secretary,  shall  either  not  be  a  Fellow  of  the  Society,  or,  if  a  Fellow, 
shall  cease  to  be  so,  npon  his  election  to  and  acceptance  of  that  office. 

II.  The  appointment  of  a  person  to  the  office  of  Assistant  Secre- 
tary shall  be  by  the  Council,  to  whom  the  Officer  so  appointed  shall 
grive  security,  at  the  discretion  of  the  Council ;  and  he  shall  reside  in 
the  Society's  House. 

III.  The  Assistant  Secretary  shall  be  paid  for  his  services, 
according  to  the  determination  of  the  Council ;  and  shall  not,  besides 
Buch  payments,  receive  any  perquisite  or  profit  whatsoever  without 
the  express  permission  of  the  President  and  Council.  He  shall  be 
subject  to  such  Rules  and  Orders  as  shall  from  time  to  time  be  made 
or  given  by  the  President  and  Council;  and  he  shall  constantly 
be  in  attendance  during  all  meetings  of  the  Society,  Council,  and 
Committees. 

IV.  He  shall  enter  all  the  Minutes  in  the  several  Journal-books, 
and  make  an  Index  to  every  such  book :  he  shall  lay  before  every 
Council  their  fair  Minute-book :  and  before  every  Committee  of 
Papers  the  Society's  Journal-book,  to  show  that  the  several  entries 
are  fairly  made:  and  he  shall  have  the  care  of  the  writing  of  all 
Summonses  of  the  Society,  Council,  and  Committees. 

Y.  He  shall,  under  the  direction  of  the  Secretaries,  have  the 
charge  and  custody  of  the  Charter-book,  Statute-book,  Journal-books 
of  the  Society  and  Council,  Register-books,  and  Letter-books,  as  also 
of  all  Papers  and  writings  belonging  to  the  Society ;  all  which  shall 
be  kept  in  the  House  of  the  Society,  that  they  may  be  in  readiness  to 
be  produced  at  any  meetings  of  the  Society  or  Council,  as  the  case 
may  require,  or  as  shall  be  ordered  by  the  Society,  Council,  or 
President. 

YI.  He  shall  not  suffer  any  person,  not  being  a  Fellow  of  the 
Society,  to  read  any  Journal- book.  Record,  or  Writing,  or  any  part 
thereof,  belonging  to  the  Society ;  nor  give  any  copy  thereof,  nor 
in  any  way  communicate  anything  contained  therein,  to  any  such 
person. 

VII.  He  shall  follow  the  directions  which  may  be  given  him  from 
time  to  time  by  the  Treasurer  in  respect  of  that  part  of  his  duties 
which  relates  to  the  Accounts  or  Cash  Transactions  of  the  Society. 
He  shall  enter  in  a  Book,  to  be  provided  by  the  Treasui*er,  all  such 
sums  as  he  may  receive  on  account  of  the  Society  at  the  instant  of 
receiving  such  sums  ;  and  for  these  sums,  so  entered  by  him,  he  shall 
bo  answerable,  until  he  shall  have  paid  them  to  the  TT«a«\x?^T. 


4M  AjppmMm. 

Viil.  He  shall  attend  the  Lifaraiy  at  sach  hours  as  sbill  % 
appointed  tor  him  for  the  aoeommodafitm  of  sach  Fellows  of  i' 
Sodetf  aa  shall   oome  to  read  the  piiated  boolce   or  mannscnpli,  1 
and  of  vaj  other  person  who  shall  be  introduced  bj  a  Felloi 
penonallf  or  b;  letter. 

IZ.'He  shall  mark,  -with  the  atamp  of  the  Societj,  all  boebl 
aooepted  or  bought  bj  the  SooiB^. 

CHAPTBE  XL 
Of  ^  IfMfmy*  of  Me  Society. 

I.  Thb  SeBaion  of  the  Sooie^  shall  oommence  oa  the  UiM  I 
Thursday  in  November,  and  end  on  the  third  Thtu-eday  ii 

II.  The  ordinary  Meetiiigs  of  the  Society  shall  be  on  Tbnrsd^  1 
weekly  (excepting  Christmaa,  Passion,  Easter,  and  Whitson  vieAi,  ' 
and  BOoh  other  weeks  at  Christmaa  and  Baett-r,  in  each  year,  as  tli» 
Connoil  may  in  the  preceding  year  detenuine,  and  also  Ascension 
Day),  and  shall  bepn  at  half-past  Poor  o'clock  in  the  Aftenmn 
precisely-  1 

nL  Ko  stranger  shall  be  permitted  lo  be  present  dnring  As  J 
Meeting,  imless  by  invitation  of  the  PrcBident,  or  by  his  leave  « J 
order  npon  the  recommendation  of  some  Fellow. 

rv.  The  bnsiness  of  the  Society  in  their  ordinary  Keetin^  ehall  be 
to  order,  take  acconat,  consider,  and  diacourse  of  philosophical  experi- 
ments and  observations ;  to  read,  hear,  and  disconise  npon  letters, 
reports,  and  other  papers,  containiag  philosophical  matters ;  aa  also 
to  view,  and  disconrse  npOD,  rarities  of  natnre  and  art ;  and  tlieie- 
npon  to  consider,  what  may  be  deduced  from  them,  or  any  of  them ; 
and  how  far  th^,  or  any  of  them,  may  be  improved  for  nse  or 
discovery." 

V.  No  letter,  report,  or  other  paper  shall  be  read  at  any  ordinary 
Meeting  unless  it  be  commnnicated  by  a  Fellow  or  Foreign  Member; 
and  it  shall  be  the  dnty  of  each  Fellow  or  Foreign  Member  to  satisff 
himself  that  any  letter,  report,  or  other  paper  which  he  may  com- 
monicate,  is  saitable  to  be  read  before  the  Socie^. 

YI.  The  President  shall  determine  for  each  Meeting  the  oom- 
manications  which  are  to  be  read,  and  the  order  in  which  they  are  to 
be  taken.  Every  commnnication  duly  received  shall,  nnlaia  other- 
wise determined  by  the  Committee  of  Papers,  aa  provided  in 
Statute  I.  of  Chapter  XIII.,  be  read  by  one  of  the  Secretaries,  either 
in  whole  or  in  part,  the  title  being  considered  a  part,  at  some  con- 
venient ordinary  Meeting  of  the  Society,  the  President  having  power 
to  invite  the  author  of  any  commnnication  to  give  an  oral  exposi- 
*  This  is  the  vor^ng  ot  tb«>  %taXu\i«  »a  tEvi«a'ui  -00%  ?^\-a.<M«  at  1663. 
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;ion  in  ptace  of  the  reading  of  the  communication  bj  one  of  the 
Secretaries. 

Vn.  At  the  ordinary  Meetings  nothing  relating  to  the  Statutes  or 
nanagement  of  the  Society  shall  be  brought  forward  or  discussed. 

VIII.  The  Anniversary  Meeting  for  the  election  of  the  Council 
ind  Officers,  and  the  Annual  Meeting  for  the  election  of  Fellows, 
shall  take  place  at  an  hour  to  be  determined  by  the  Council. 


CHAPTER  XII. 
Of  Special  General  Meetings  of  the  Society. 

I.  The  President  or  Council  may  at  any  time  call  a  Special 
Greneral  Meeting  of  the  Society  when  it  may  appear  to  them  to  bo 
accessary. 

II.  Any  six  Fellows  may,  by  notice  in  writing,  signed  by  them, 
md  delivered  to  one  of  the  Secretaries  at  an  ordinary  Meeting  of  the 
Society,  require  a  Special  General  Meeting  of  the  Society  to  be  con- 
vened, for  the  purpose  of  considering  and  determining  on  the  matters 
specified  in  such  requisition,  and  the  Council  shall,  within  one  week 
ifter  such  requisition  shall  have  been  so  delivered,  appoint  a  day  for 
k  Special  General  Meeting  accordingly. 

III.  Que  week's  notice  of  any  Special  General  Meeting  shall  be 
^ven  to  each  Fellow  resident  in  the  United  Kingdom,  and  such 
K>tice  shall  ^tate  the  object  of  such  Meeting. 

lY.  At  such  Meeting  no  business  shall  be  brought  forward  except 
^hat  shall  have  been  so  notified. 

CHAPTER  XIII. 
Of  the  Publication  of  Papers. 

I.  The  Members  of  the  Council  for  the  time  being,  shall  consti- 
ute  and  be  a  standing  Committee,  to  be  called  "  The  Committee  of 
i*apers,"  to  whom  the  consideration  of  the  Publication  of  all  Papers 
vhich  have  been  communicated  to  the  Society  at  their  weekly  meet- 
ngs,  shall  from  time  to  time  be  refen*ed,  and  who,  in  the  case  of  any 
taper  which,  though  duly  received,  shall  be  submitted  by  the  Presi- 
■ent  for  their  consideration,  shall  decide  whether  it  shall  be  read 
•r  no. 

II.  The  Committee  of  Papers  shall  meet  at  such  times  as  shall  be 
ppointed  by  the  President ;  due  and  sufficient  notice  of  such  meeting 
laving  been  previously  sent  to  every  Member  of  the  Committee.  The 
aeetings  shall  be  of  two  kinds:  ordinary  meetings,  at  which  any 
lusiness  relating  to  the  publication  of  papers  may  be  It^lT^sajc^^^^sA. 

VOL.  L,  ^  u. 
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interim  meetings  held  between  ordinary  meetings,  at  which  onlj 
such  business,  relating  to  the  publication  of  papers,  as  in  the  opinion 
of  the  President  is  not  likely  to  give  rise  to  difference  of  opinion,  shall 
be  transacted  ;  and  the  summons  to  each  meeting  shall  state  whether 
the  meeting  is  to  be  an  ordinary  meeting,  or  an  interim  meeting. 

III.  At  an  ordinary  meeting  no  less  number  than  seyen  of  tbe 
Members  of  the  said  Committee  (of  which  number  the  President, 
or  in  his  absence  a  Vice-President,  shall  always  be  one)  shall  be  a 
Quorum,  capable  of  acting  in  relation  to  the  said  Papers.  At  an 
interim  meeting  any  five  of  the  Members  of  the  said  Committee  shall 
be  a  Qiwrum.  The  minutes  of  an  inteiim  meeting  shall  be  read  for 
confirmation  at  the  next  ordinary  meeting,  and  the  minutes  of  an 
ordinary  meeting  shall  be  read  for  confirmation  at  the  next  onlinarr 
meeting,  not  at  any  interim  meeting  which  may  intervene. 

IV.  The  majority  of  the  said  Committee,  present  at  any  meeting 
thereof,  shall  decide  with  regard  to  any  paper  communicated  to  the 
Society,  whether  it  shall  be  published  in  part  or  in  whole  in  the 
Philosophical  Transactions  or  in  the  Proceedings  of  the  Society,  and 
shall  determine  what  parts,  if  any  and  not  the  whole,  shall  be  so 
published.  They  shall  further  have  power  to  require  as  a  condition 
of  publication  such  modifications  of  the  text  or  of  the  illustrations  as 
may  seem  to  them  desirable. 

V.  In  the  case  of  a  paper  communicated  to  the  Socio ty,  in  refer- 
ence to  which  the  Fellow  (or  Foreign  Member)  communicating  it, 
has  expressed  the  wish  that  it  may  be  published  in  the  Philosophical 
Transactions,  the  Committee  of  Papers,  by  a  majority  of  those  present, 
shall  refer  snch  a  paper  to  at  least  two  persons  who  are  knowing  and 
well  skilled  in  the  particular  branch  of  Science  to  which  the  said 
paper  relates,  and  \vlio  shall  separately  report  in  writing  (or  if  one  or 
both  of  them  happen  to  be  for  the  time  being  Members  of  the  said 
Committee,  lie  or  they  may  report  orally)  their  opinion  of  the  said 
paper,  and  in  particular  as  to  its  fitness  to  appear  in  the  Philosophical 
Transactions.  Such  reports  of  referees  shall  be  considered  as  con- 
fidential communications. 

In  the  case  of  a  paper  in  reference  to  which  no  such  wish  has  been 
expressed  by  the  Fellow  or  Foreign  Member  communicating  it,  the 
Committee  of  Papers  shall  have  power  to  refer  in  like  manner  the 
cornmunication,  or  not,  as  they  shall  see  fit. 

VI.  The  decisions  of  the  Committee  of  Papers  shall  be  determined 
by  the  majority  of  votes  of  those  present  and  voting,  and  the  votiniT 
shall  bo  open,  unless  the  President  shall  direct  that  the  voting-  shall 
be  by  ballot.  In  case  of  an  equality  of  votes,  the  President  shall  have 
a  second  or  casting  vote. 

The  decisions  of  the    Committee   shall  be  dulv   entered  in  the 
Jiiinute-book  of  the  CommiUee. 
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VIJL  Once,  at  least,  in  every  year,  a  proper  portion  of  the  Papers 
vrliiclL  haye  been  commnnicated  to  the  Society,  and  so  ordered  for 
publication  by  the  Committee  of  Papers,  shall  be  printed  under  the 
oame  and  title  of  Philosophical  Tra^isactions  of  the  Royal  Society  of 
London  ;  and  from  time  to  time  a  proper  portion  of  the  papers  which 
have  been  commnnicated  to  the  Society,  and  which  have  been  ordered 
for  publication  by  the  Committee  of  Papers,  but  not  in  the  Philo- 
sophical Transactions,  shall  be  printed,  together  with  such  other 
matter  as  the  Council  may  direct,  under  the  name  and  title  of 
Proceedings  of  the  Boyal  Society  of  London.  The  time  and  manner  of 
printing  the  Philosophical  Transactions  and  Proceedings  shall  be  fixed 
and  determined  by  the  Council,  as  occasion  shall  require.  A  number 
of  the  copies  of  the  Philosophical  Transactitms  and  of  the  Proceedings 
so  printed,  sufficient  to  supply  the  Fellows  of  the  Society,  shall  be 
delivered  to  the  Assistant  Secretary,  who  shall  enter  in  a  book,  to  be 
provided  for  that  purpose,  the  number  of  copies  received  by  him,  for 
which  he  shall  be  accountable  to  the  Council  for  the  time  being. 

VIII.  The  Philosophical  Transactions  and  Proceedings  shall  be 
printed  at  the  sole  charge,  and  for  the  use  and  benefit,  of  the  Society, 
and  of  the  Fellows  thereof ;  to  the  intent  that  each  of  the  present 
Fellows,  who  actually  contributes  and  pays  towards  the  support  of 
the  Society,  or  who  has  compounded  for  such  contribution,  according 
to  the  rules  and  orders  established  in  relation  thereto,  or  who  has  for 
other  particular  reasons  been  exonerated  and  discharged  from  such 
contribution  by  order  of  the  Council,  may  receive,  gratis  (but  under 
proper  limitations  and  restrictions),  one  copy  of  such  of  the  Philo- 
sophical Transactions  and  of  the  Proceedings  as  shall  be  printed  as 
aforesaid ;  and  that  all  persons  who  shall  hereafter  be  admitted 
Fellows  shall,  under  the  same  conditions,  receive,  and  be  entitled  to, 
the  like  benefit  and  advantage. 

IX.  The  Assistant  Secretary  shall  deliver,  gra^tis,  one  of  the  said 
copies  of  the  Transactions  to  every  Fellow  of  the  Society  (except  as 
hereinafter  excepted)  who  shall  demand  the  same,  either  in  person, 
or  by  letter. 

Provided  always,  that  no  Fellow  whatsoever  of  the  Society  shall  be 
entitled  to  demand  or  receive  any  such  copy  of  the  Transactions, 
whose  election  and  payment  of  Admission  fees  and  regular  Contribu- 
tions shall  not  have  preceded  the  date  of  the  time  appointed  for  the 
delivery  of  the  said  Transactions  ;  neither  shall  the  Executor  of  any 
deceased  Fellow  receive  a  copy  of  the  Transactions  published  after  the 
death  of  such  Fellow. 

Provided  also,  that  no  Fellow  of  the  Society  shall  receive,  or  be 
entitled  to  receive,  gratis^  any  copy  or  copies  of  the  Transactions,  so 
printed  as  aforesaid,  after  five  years  shall  have  elapsed  from  the  time 
of  the  AasiBbanb  Secretary's  having  begun  to  de^^ex  oroAi  waOc\.  i2)o^\»^ 
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respectiyelj  ;  bnt  his  neglecfcing  to  demand  them  fqr  so  long  a  tiine 
shall  be  deemed  a  forfeiture  and  dereliction  of  his  right  thereto: 
unless  the  Council  for  the  time  being,  upon  being  made  acquainted 
with  the  reason  of  such  delay,  and  haying  regard  to  the  circumstances 
of  the  application,  and  the  amoant  of  stock  in  hand,  shall  order  snch 
copies  as  they  may  think  fit  to  be  so  delivered. 

X.  The  Assistant  Secretary  shall  further  cause  to  be  distributed, 
gratis,  to  all  the  Fellows  of  the  Society,  by  post  or  otherwise,  copies  of 
the  Proceedings,  as  soon  as  may  be  convenient  after  their  appearance. 

XI.  If  the  number  of  copies  of  Transactions  and  Proceedingt  so  to 
be  printed  shall  be  greater  than  what  will  be  requisite  to  supply  each 
of  the  Fellows  with  one  copy,  such  supernumerary  copies  shall  be 
disposed  of  at  such  times,  and  in  such  manner,  as  the  Council  shall 
direct. 

CHAPTER  XIV. 

Of  the  Books  and  Fapers  of  the  Society, 

I.  There  shall  be  had  and  kept  a  Book,  called  the  Charter-hook^ 
wherein  shall  be  fairly  written  the  copy  of  the  Charters,  all  the  Royal 
Grauts  on  behalf  of  the  Society,  and  the  Obligation  to  be  subscribed 
by  the  Fellows  of  the  Society  in  their  own  hand-writing. 

II.  There  shall  be  kept  a  Book,  called  the  Statute-hoolc,  wherein 
shall  be  fairly  written,  or  printed,  all  the  Laws,  Statutes,  and  Consti- 
tutions made,  or  to  be  made,  concerning  the  government  and  regulating 
of  the  Society  or  Council ;  and  also  a  Register  of  the  Fellows  of  the 
Society,  with  the  times  of  their  Election  and  Admission. 

III.  There  shall  be  kept  Journal-boohs  of  the  Society,  and  also  of 
the  Council,  wherein  shall  be  entered  all  the  minutes,  orders,  and 
business  of  the  Society  and  Council  at  their  respective  meetings ;  to 
which  Journal-books  any  Fellow  may  have  access  at  such  times  as  the 
Library  is  open. 

I V^.  A  Book  shall  be  kept,  in  which  the  title  of  each  communication 
received,  the  date  of  its  reception  at  the  apartments  of  the  Society, 
and  the  name  of  the  Fellow  or  Foreign  Member  who  communicates  it, 
shall  be  duly  entered  in  the  order  of  its  reception. 

V.  1'he  original  copy  of  every  Paper  received  at  the  Society  shall 
be  considered  the  property  of  the  Society,  if  there  be  no  previous 
engagement  with  its  author  to  the  contrary ;  but  any  author  may 
withdraw  a  paper  which  has  been  received  but  not  read  ;  or  may,  by 
leave  of  the  Council,  have  a  copy  of  his  paper ;  and  it  shall  be  in  the 
power  of  the  Council,  if  they  think  fit,  to  return  to  any  author  such 
drawings  or  other  illustrations  accompanying  any  paper  communicated 
by  him  or  on  his  behalf,  which  he  may  ask  in  writing  to  be  returned 
to  him. 
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VI.  All  the  Papers  not  withdrawn  by  leave  of  the  Council,  and 
read  to  the  Society,  shall  be  delivered  to  the  Committee  of  Papers ; 
and  all  Papers  which  have  not  been  printed  in  the  Transactions  or 
Proceedings  shall  be  preserved  in  the  archives  of  the  Society  for  future 
inspection ;  and  shall  never  be  lent  out  of  the  Society's  House  without 
Order  of  the  Council. 

VII.  The  Library  shall  be  open  to  the  Fellows  every  week-day 
(exclusive  of  Good  Friday  and  Easter-eve,  of  Easter  week,  of  a  week 
at  Whitsuntide,  and  of  a  week  at  Christmas),  from  II  a.m.  to  6  p.m., 
except  on  Saturdays,  when  it  shall  be  open  from  Eleven  in  the  morning 
to  One  in  the  afternoon ;  but  during  the  months  of  August  and 
September  it  shall  be  closed  on  week-days,  other  than  Saturdays,  at 
4  p.m. 

VIII.  Any  Fellow  may  have  the  loan  of  any  of  the  printed  Books 
of  the  Society,  excepting  such  as  the  Council  shall  order  not  to  be 
taken  out  of  the  Library ;  but  he  shall  not  be  allowed  to  have  in  his 
possession  more  than  ten  volumes  at  a  time.  The  loan  of  Manuscripts 
is  exclusively  vested  in  the  President  and  Council. 

IX.  A  List  of  all  Books  and  Manuscripts  borrowed  from  the 
Library  of  the  Boyal  Society,  and  of  the  Fellows  of  the  Society  to 
whom  they  are  lent,  shall  be  kept  in  the  Library. 

X.  All  Books  whatsoever  belonging  to  the  Society  shall  be  returned 
at  a  time  to  be  specified  by  the  Council,  in  each  year ;  and  the  Library 
shall  be  closed  for  one  month  after  such  time,  or  for  such  shorter 
periods  as  the  Council  may  direct. 

XL  The  value  of  such  Books  in  the  possession  of  any  Fellow  as 
are  not  returned  to  the  Library  pursuant  to  the  preceding  Statute, 
fihall  be  required  to  be  paid  by  the  person  who  has  so  detained  them. 

CHAPTER  XV. 
Of  the  Ooinmon  Seal  and  Deeds, 

I.  Th£  Common  Seal  of  the  Society  shall  be  kept  in  a  box,  the 
key  of  which  shall  be  kept  in  a  sealed  packet.  When  the  Common 
Seal  has  to  be  used,  this  packet  shall  be  opened  by  the  President  in 
Council ;  and  at  the  Council  meeting  at  which  it  is  so  opened,  the 
Common  Seal  having  been  replaced  in  the  box,  and  the  box  locked, 
the  key  shall  again  be  enclosed  in  a  packet,  which  shall  be  sealed  by 
the  President  with  his  private  seal.  The  box  and  sealed  packet  shall 
be  kept  at  the  Society's  chambers  in  an  iron  safe. 

II.  Every  Deed  or  writing,  to  which  the  Common  Seal  is  to  be 
affixed,  shall  be  passed  and  sealed  in  Council. 


OHAPWW  XVX 
Of  ike  Bettraba  of  Dimdmtii  io  FOtcm* 

Thb  Soeiefy  shall  not,  and  bj  its  Laws  may  not^  make  aaqr  I^ 
deiid«  GKf^  DiTision,  or  Boniui  in  Money  nnto  or  between  any  A  iti 
3CMnbeni* 

CHAPTER  XVn. 
Of  the  Making  amd  BepeaKmg  cf  Lowe. 

I.  Foe  tlie  making  of  any  Law  or  Statnte  oi  the  Boyal  Sodelfy 
ib0  draught  thereof  shall  be  read  in  Council)  and  pnt  to  the  fple»(m 
two  nereml  days  of  their  meeting.  The  first  day  the  qneirtiain  to  bs 
reeolFod  by  vote  ebiill  be  to  this  effeoti  vis*,  **  Whether  Ae  draught  of 
the  said  Statute,  thtti  agreed  npon,  ahaU  be  read  at  another  mMtiagt** 
The  second  day  the  question  shall  be  to  this  effect^  yis.,  **  Wh^hflT 
the  draught  of  the  said  Sti^te,  then  agreed  upon,  shall  pass  ftr  t 
Ijiw,  or  not  P  " 

IL  For  the  repealing  of  any  Law  or  Statute,  or  any  part  theveoi^ 
tihie  Bepeal  shall  be  proposed  andyoted  in  Council  on  two  serenddaji 
of  their  meeting.  The  first  day  the  question  to  be  resolved  by  Ballot 
shall  be  to  this  effect,  viz.,  ''  Whether  the  Bepeal  of  such  a  Statate, 
or  sach  part  thereof,  shall  be  proposed  at  another  meeting  ?  **  The 
second  day  the  question  shall  be  to  this  effect,  viz.,  *'  Whether  such  a 
Statute,  or  such  part  thereof,  shall  be  repealed  or  not  ? ''  And  in 
case  the  said  Repeal  be  agreed  unto,  the  same  shall  be  recorded  in 
the  Journal-book  of  the  Council ;  and  the  Statute,  or  part  of  the 
Statute,  repealed,  shall  be  cancelled  in  the  Statute-book. 


THE   END. 
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L  NOTE    ON    THE    HISTORY  OP    THE    STATUTES    OP    THE 

SOCIETY. 

By  M.  Foster,  M.A.,  M.D.,  LL.D.,  Senior  Secretary. 


The  follo:wing  note  was  drawn  up  for  the  use  of  tlie  Council  of 
;he  Society  while  preparing  the  foregoing  revised  edition  of  the 
statutes : — 

The  First  Statutes. 

The  second  Charter,  amending  the  first  granted  in  1662, 
having  been  granted  April  22nd,  1663,  the  Statutes  were 

Irawn  up  in  that  year.     A  copy  of  these  is  published  in  Weld's 

'  History  of  the  Royal  Society'." 


The  Statutes  from  1663  to  1752. 

During  the  succeeding  ninety  years  changes  were  from  time  to  time 
lade  in  the  Statutes ;  but  no  new  version  of  the  Statutes  appears  to 
lave  been  drawn  up  until  the  year  1752.* 

*'  The  laws  of  the  Royal  Society,  like  those  of  other  communities, 
7QTQ  altered  from  time  to  time,  until  they  appeared  sufficient  to 
mbrace  every  contingency  that  might  occur,  while  they  held  their 
leetings  in  Gresham  College,  which  they  continued  to  do  for  near  the 
pace  of  fifty  years.  But  the  arrangement  of  the  Society's  affairs 
eing  somewhat  altered  upon  possessing  a  house  of  their  own,  it 
ecame  necessary  to  make  different  establishments  in  many  particulars 
nd  to  alter  and  augment  some  of  their  Statutes.  However,  the 
reater  part  of  them  was  still  left  in  the  original  form,  suited  to  the 
ituation  of  the  Society  at  Gresham  College." — (Preface  to  Statutes, 
kUtion  of  1776.) 

Between  1663  and  1752,  the  following  seem  to  have  been  the  most 
nportant  changes. 

The  Election  of  Fellows, 

j^gg     Idl  the  original  Statutes,  Cap.  VI.,  "Of  the  Election  and 

Admission  of  Fellows,"  Sec.  1  provides  that  candidates 

e  propounded  at  one  meeting,  and  put  to  the  vote  at  some  other 

*  The  British  Museum  contains  a  small  Svo.  edition,  dated  1728,  bat  this  appears 
•  be  a  verbatim  copy  of  the  Statutes  of  1663,  except  that  Cap.  VI.,  Sec.  7,  begins 
ith  the  words  "  The  admission  of,*'  instead  of  "  The  electioii  «sid.  «idsmaid»GL  t:^r 
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meeting  at  which  twenty-one  Fellows  (as  prescribed  by  Charter)  are 
present ;  but  that  every  one  of  his  Majesty's  subjects  having  the  title 
and  place  of  Baron,  or  any  higher  title  and  place,  aud  every  one  of  his 
Majesty's  Privy  Council,  may  be  propounded  and  put  to  the  vote  the 
same  day.  And  Sec.  3  of  the  same  chapter  provides  that  "  the  name 
of  every  person  propounded  as  a  Candidate,  together  with  the  name  of 
the  Fellow  proposing,  shall  be  entered  in  the  Journal-book;"  by 
which  it  appears  that  *"  propounding  "  by  one  Fellow  was  sufficient 
A  1682  ^^  1682.  however,  the  following  was  proposed  on  August  2, 
and  passed  on  August  5 : — 

"The  Statute  for  Election  of  Fellows  having  by  long  Experience 
been  found  insufficient  for  bringing  in  persons  qualifyed  for  the  ends 
of  the  Institution  of  the  Royal  Society,  few  ballotting  in  the  negative 
and  presuming  the  person  to  be  well  known  to  the  Member  that  Pro- 
poseth  the  Candidate,  it  is  thought  requisite  by  the  Councell  to  propose 
this  Statute  following, — 

"  Every  person  that  would  propose  a  Candidate  shall  first  give  in  his 
Name  to  some  of  the  Councell,  that  so  in  the  next  Councell  it  may  be 
discoursed  viva  voce  whether  the  person  is  known  to  be  so  qualified 
as  in  probability  to  be  usefuU  to  the  Society.  And  if  the  Councell 
return  no  other  Answer  but  that  they  desire  further  time  to  be 
acquainted  with  the  gentleman  proposed,  the  Proposer  is  to  take  that 
for  an  Answer.  And  if  they  are  well  assured  that  the  Candidate  may 
be  usefull  to  the  Society  then  the  Candidate  shall  be  proposed  at  the 
next  meeting  of  the  Society  and  ballotted  according  to  the  Statute  in 
that  behalf,  and  shall  immediately  sign  the  usual  Bond  and  pay  his 
admission  mony  upon  his  Admission.'* 

(Neither  the  Statutes  of  1663,  nor  the  Edition  of  1752,  make  any 
mention  of  the  '*  Bond  for  the  payment  of  the  contribution ;  "  the  words 
first  ocour  in  the  Edition  of  1776,  but  the  actual  Bonds  preserved  in  the 
Archives  of  the  Society  date  from  January  1,  1674,  onwards.) 

In  1727  (January  9th)  the  following  Statute  was  pai>sed, 
that  of  1682  being  apparently  repealed: — 

"  Every  Person  to  be  Elected  Fellow  of  the  Society  shall  first  at  a 
Meeting  of  the  Society  bo  propounded  as  a  Candidate  to  be  approved 
by  the  Council,  and  shall  be  recomniend(;d  by  three  members,  one  of 
which  at  least  shall  be  a  member  of  the  Council,  and  one  of  them  shall 
at  the  same  Time  mention  and  specify  the  qualifications  of  the  said 
Candidate.  And  afterwards  such  Person  shall  at  another  meeting  of 
the  Society  (whereat  there  shall  be  a  competent  Number  for  making" 
Elections)  be  refered  back  from  the  Council  if  approved,  and  shall  then 
be  propounded  and  put  to  the  Vote  for  Election,  Saving  and  Excepting 
that  it  shall  be  free  for  every  one  of  his  Majesties  Subjects  who  is  a 
Peer  or  the  Son  of  a  Peer  of  Great  Britain  or  Ireland,  and  for  every 
oae  of  his  Majesties  Privy  OowiveW  ol  ^\N}ckfex  ol  IW  aa.id  kingdoms  to 
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e  propounded  by  any  single  Person  and  to  be  put  to  the  Vote  for 
ilection  on  the  same  Day,  there  being  present  a  competent  Number  for 
laking  Elections." 

-  g       This,  however,  was   in    turn,   veiy  soon,  viz.,  in   1730, 
changed  to  the  following  form,  all  mention  of  Council 
eing  omitted  from  the  Statute : — 

^*  X.  Every  person  to  be  elected  a  Fellow  of  the  Royal  Society,  shall 
e  propounded  and  recommended  at  a  meeting  of  the  Society  by  three 
r  more  Members ;  who  sliall  then  deliver  to  one  of  the  Secretaries  a 
aper,  signed  by  themselves  with  their  own  names,  specifying  the  name, 
ddition,  profession,  occupation,  and  chief  qualifications ;  the  inventions, 
Iscoveries,  works,  writings,  or  other  productions  of  the  candidate  for 
Ilection ;  as  also  notifying  the  usual  place  of  his  habitation. 

"A  fair  copy  of  which  paper,  with  the  date  of  the  day  when 
elivered,  shall  be  fixed  up  in  the  common  meeting  room  of  the 
ociety  at  ten  several  ordinary  meetings,  before  the  said  candidate  shall 
e  put  to  the  ballot :  Saving  and  exceptiug,  that  it  shall  be  free  for 
very  one  of  his  Majesty's  subjects,  who  is  a  Peer  or  the  Son  of  a 
*eer  of  Great  Britain  or  Ireland,  and  for  every  one  of  his  Majesty's 
*rivy  council  of  either  of  the  said  Kingdoms,  and  for  every  foreign 
rince  or  Ambassador,  to  be  propounded  by  any  single  person,  and 
>  be  put  to  the  ballot  for  Election  on  the  same  day,  there  being  present 
competent  number  for  making  Elections." 

It  appears  in  this  form  in  the  Edition  of  1752  as  Sec.  10  of  Cap.  VI. 

The  Admission  of  Fellows, 

jin.  1727.  In  1727,  also  on  January  9th,  the  two  following  Statutes 
rere  enacted : — 

"11.  Every  Person  who  is  a  Foreigner  and  every  one  of  his 
[ajesties  Subjects  whose  habitation  or  usual  place  of  residence  is  at 
Lore  than  forty  miles  distance  from  London,  shall  be  and  be  deemed 
3  a  Fellow  of  the  Society  immediately  after  he  shall  be  Elected,  and 
aall  be  registered  in  the  Journal  Book  of  the  Society  as  such :  Provided 
Iways,  that  no  such  person  shall  have  hberty  to  Vote  at  any  Election 
r  meeting  of  the  Society  before  he  shall  be  qualified  pursuant  to  the 
tatules.  And  if  he  shall  neglect  so  to  qualify  himself  the  first  time 
e  comes  to  London  when  he  may  be  present  at  a  meeting  of  the 
ociety  and  can  be  admitted ;  his  Election  shall  be  declared  Void,  and 
is  Name  shall  be  cancelled  in  the  Register. 

"  III.  No  Person  shall  be  Proposed,  Elected,  or  Admitted  a  Fellow 
F  the  Society  upon  St.  Andrew's  Day  or  the  Day  of  the  Anniversary 
leeting  for  Electing  the  Council  and  Officers." 

hese  appear  in  the  Edition  of  1752  as  Sees.  8  and  9  respectively 
F  Cap.  VI. 
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As  far,  then,  as  the  election  and  admission  of  Fellows  are  conoerned, 
no  new  Statutes  were  enacted  in  1752 ;  the  Edition  of  that  year 
simply  adds  to  the  Statutes  of  1663  the  two  enacted  in  1727  and  the 
one  enacted  in  1730. 

The  Election  of  Council  and  Officers. 

Ann  1668  ^^  ^^®  Original  Statutes,  Cap.  VII.,  "  Of  the  Election  of 
the  Council  and  Officers "  makes  arrangements  that  the 
eleven  members  of  the  existing  Council  who  are  to  be  continued 
should  first  be  determined,  after  that  the  ten  new  members,  and  finally 
the  officers.  The  Statutes  of  1752,  reproduce  the  chapter  in  its  original 
^^^  1735  ^^^^  of  12  sections,  with  the  addition  of  Sec  13,  enacted 
in  1735,  which  provides  that  in  order  to  lessen  the 
tediousness  of  the  election,  Fellows  may  give  in  at  the  same  time 
three  lists — (1)  of  11  old  Members  of  Council  to  continue,  (2)  of 
10  new  Members,  (3)  of  Officers. 

The  Philosophical  Transactions. 

But  the  most  important  changes  introduced  in  1752,  those  which 
probably  led  to  the  issue  of  the  new  version  of  the  Statutes  in  that  year, 
A       1663     relate  to  the  Philosophical  Transactions.    In  the  old  Statnt<»8, 

Cap.  XIII.,  "Of  the  Printer  to  the  Society,"  provide**  for 
the  printing  and  binding  of  books,  catalogues,  and  such  other  things 
by  order  of  the  Society  or  Council ;  there  are  no  other  provisions  as 
An     1665     *^    publications.     The    Philosophical    Transactions   were 

begun  in  1665  ;  but  up  to  the  46th  volume  inclusive,  pub- 
lished in  1749-50,  "  the  printing  of  them  was  always,  from  time  to 
time,  the  single  act  of  the  respective  Secretaries  *'  (Adv.  to  Philosophical 
Transactions,  vol.  47),  though  with  regard  to  the  first  number  the 
Council  (Minutes,  March  1,  1664)  ordered  "that  the  Philasophical 
Transactions,  to  be  composed  by  Mr.  Oldenburg,  be  printed  the  first 
Munday  of  every  month,  if  he  have  sufficient  matter  for  it,  and  that 
that  Tract  be  licensed  by  the  Council  of  the  Society,  being  first  reviewed 
by  some  of  the  Members  of  the  same.  And  that  the  President  be 
desired,  now  to  Licence  the  first  papers  thereof,  being  written  in  four 
sheets  in  folio,  to  be  printed  by  John  Martyn  and  James  Allestree," 
and  this  practice  of  licensing  was  continued  with  reference  to 
those  papers  read  before  the  Society  which  were  published  in  the 
Transactions. 

In   1752    it   was   determined   to    place  the  Philosophical 

'^^         *    Transactions  directly  in  the  hands  of  the  Council,  and  the 

Edition  of   the   Statutes   of   1752,  while  leaving  Cap.  XIII.   intact, 

adds  the  following  two  new  chapters,  enacted  March  26th  of  that 

jear ; — 
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Cap.  XX.  "  Of  the  selecting  of  Papers  laid  before  the  Society,  in 
>rder  for  Publication,"  establishes  and  lays  down  regulations  for  the 
*  Committee  of  Papera"  These  regulations  are  almost  verbatim  the 
same  as  Sees.  1  to  4  of  Cap.  XIII.,  "Of  the  Publication  of  Papers,*'  of 
;be  Statutes  in  force  at  the  present  time,  except  that  the  Quorum  of 
;he  Committee  of  Papers  is  five,  not  seven,  and  a  provision  is  contained 
^at  no  entry  in  the  Minute-book  of  the  Committee  is  to  be  made 
"A  Papers  "  thought  improper  to  be  laid  before  the  public." 

In  the  Statute  in  its  original  form  the  Committee  '^  shall  be  at  liberty 
JO  call  in  to  their  assistance  .  .  .  any  other  members  of  the  Society 
who  are  knowing  and  well  skilled  in  any  particular  branch  of  Science 
iiat  shall  happen  to  be  the  subject-matter  of  any  paper  which  shall 
)e  then  to  come  under  their  deliberation,"  and  almost  the  same  words 
ure  retained  in  the  Statutes  at  present  in  force.  The  custom  of  the 
^mmittee  is  now,  and  for  a  long  time  has  been,  to  "  call  in  to  their 
issistance "  two  or  more  Fellows,  by  asking  for  written  reports,  and 
rach  Fellows  so  assisting  are  generally  spoken  of  as  "  referees."  The 
^rliest  mention  which  has  been  found  in  the  Society's  records  of  a 
paper  being  "referred"  is  on  May  25th,  1780,  when  a 
paper  by  Mr.  Ludlow  was  "  referred "  to  Mr.  Cavendish 
md  Ik.  Button.  There  does  not  appear  to  be  a  similar  record  until 
March  21st,  1831,  when  a  paper  by  Prof.  Davy  was 
referred  to  Mr.  Faraday.  By  1882,  however,  the  practice 
>f  referring  papers  seems  to  have  become  very  common.  For  some 
ime  the  name  of  the  person  (or  persons)  to  whom  the  paper  was  referred 
s  stated  in  the  Minutes  of  the  Committee  of  Papers,  and  in  all  these 
Xkses,  including  those  just  mentioned,  the  persons  ia  question  were 
aembers  of  the  then  Council.  Very  soon,  however,  the  name  was 
►mitted,  the  entry  being  simply  "referred."  There  seems  to  be  no 
Qeans  of  ascertaining  when  "referees"  outside  the  Council  were 
irat  had  recourse  to,  or  when  the  practice  of  written  reports  first 
legao. 

Cap.  XXI.  "Of  the  Manner  of  Publication  of  the  Papers  laid  before 
he  Society,  and  defraying  the  Expences  thereof,"  provides  for  the  print- 
og  and  distribution  of  the  Philosophical  Transactions,  and  is  to  a  large 
xtent,  even  in  its  very  words,  the  same  as  Sees.  5  to  9  of  Cap.  XIII. 
i  the  Statutes  at  present  in  force,  the  word  '^  Clerk  "  being  used  where 
'Assistant  Secretary"  is  now  used. 


Payvients  by  Fellows. 

In  order  to  defray  the  additional  expenses  thus  incurred  by  the  publi- 
ation  and  gratis  distribution  to  the  Fellows  of  the  Philosophical 
IVansactions,  the  ^*  admission-money  "  is  by  Sec.  2  of  Cap.  XXI.  raised 
rom  two  guineas  to  five  guineas.    In  Cap.  III.  oi  tVie  €AaXw\»&  q'I  V^^'^^ 
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**  Of  the  Payments  by  the  Fellows  to  the  Society,"  the  admission-money 
is  fixed  at  forty  shillings,  and  indeed,  in  the  Edition  of  1752,  the 
same  sum  of  forty  shillings  is  retained  in  this  Chapter,  the  error 
apparently  escaping  notice.  The  change  from  forty  shillings  to  forty- 
two  shillings  (two  guineas)  seems  to  have  taken  place  at  some  time  in 
the  interval. 

The  Statutes  from  1752  to  1776. 

In  1774  and  1775,  the  Council  were  engaged  in  considering  the 
Statutes,  and  in  1776  published  a  new  Edition,  containing  several 
important  changes.  An  interesting  preface  to  this  Edition  (from  whidi 
a  quotation  is  given  above),  explains  that  in  spite  of  large  changes  in 
the  practices  of  the  Society,  the  Statutes  had  been  kept  as  far  as 
possible  in  their  original  form;  and,  indeed,  the  Statutes  of  1752  differ 
from  those  of  1663  chiefly  in  the  additions  described  above.  In  1776, 
however,  the  Council  determined  to  bring  the  Statutes  into  more  strict 
conformity  with  the  practice  of  the  Society,  and  in  consequ^ioe  the 
Edition  of  1 776  differs  widely  from  the  two  earlier  versions. 

Five  whole  chapters  are  omitted,  viz.,  V, — Of  Experiments,  and  the 
Reports  thereof;  XI,  Of  Curators  by  Office;  XIII,  Of  the  Printer 
to  the  Society ;  XIV,  Of  Operators  to  the  Society ;  XVII,  Of  Benefactors ; 
the  21  chapters  of  1752  being  thus  reduced  to  16.  The  preface 
explains  how  the  changes  in  the  Society  had  long  rendered  the^ 
Statutes  unnecessary. 

The  order  of  the  several  chapters  is  largely  altered,  the  new  arrange- 
ment adopted  being  that  which  has  on  the  whole  been  followed  in 
subsequent  editions,  and  is  still  maintained. 

The  Election  of  Fellows. 

The  regulations  for  the  election  of  Fellows  remain  on  the 
whole  the  same,  save  that  it  is  precisely  stated  that  twenty- 
one  is  'Hhe  competent  number"  for  makuig  an  election,  a  majority 
of  two-thirds  being  necessary,  and  in  the  Statute  relating  to  what 
we  now  call  the  "  privileged  class,"  the  words  "  Foreign  Prince  or 
Anibassador "  are  replaced  by  the  words  "Foreign  Sovereign  Prince, 
or  the  son  of  a  Sovereign  Prince,  or  an  Ambassador  to  the  Court  of 
Great  Britahi." 

Composition  Fee, 

In   the   Edition   of   1752,   as  stated   above,  no  mention  is  made  of 
any    *'  bond  **    or    *•  composition   fee,"   but    in    the    next  year,   1753 
(June  7),  the  Statute,  Cap.  VI.,  Sec.  8,  concerning  Foreign- 
ers and  persons  residing  more  than  forty  miles  from  London, 
was  repealed,  and  the  ioWo'wmg  avi\)9»\X\x3L\A5^\ — 


Ann.  1776.  *^ 
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<i 


That  no  one  of  his  Majesties  subjects,  or  any  other  person 
residing  in  his  Majesties  Dominions,  who  shall  be  elected  a  Fellow 
of  the  Society,  shall  be  deemed  an  actual  Fellow  thereof,  nor  shall 
the  name  of  any  such  person  be  Registered  in  the  Journal  Book,  or 
printed  in  the  List  of  Fellows  of  the  Society,  until  such  Person  shall 
have  paid  his  admission  Fee,  and  given  the  usual  Bond,  or  paid  the  Sum 
of  Twenty -one  pounds  for  the  use  of  the  Society  in  lieu  of  contribu- 
tions :  But  that  upon  such  payment  or  giving  Bond  as  aforesaid,  it 
shall  be  lawful  for  the  Society  to  give  leave  for  the  name  of  any  such 
person  so  elected  as  aforesaid  to  be  entered  in  the  Journal  Book,  and 
printed  in  the  list  of  Fellows  of  the  Society :  Provided  always  that 
no  such  person  shall  have  liberty  to  Vote  at  any  Election  or  Meeting 
of  the  Society,  before  he  shall  be  duly  admitted  a  Fellow  thereof 
pursuant  to  the  former  Statute." 

This  is  the  first  time  that  the  Statutes  contain  any  reference  to  a 
composition  fee. 

In  1766  (December  11)  a  Statute  was  passed  increasing 

^*  '  the  composition  fee  from  twenty  to  twenty-six  guineas  ; 
and  the  Statute  of  1753  just  quoted  re-appears,  with  some  slight 
changes,  in  the  Edition  of  1776  as  Sec.  8  of  Cap.  I.,  the  "sum  of  twenty- 
one  pounds*'  being  altered  into  "the  sum  appointed,"  and  this  the 
Chapter  on  payments  by  Fellows  states  to  be  twenty-six  guineas. 


Foreign  Members, 

The  Statutes  of  1776  contain,  what  the  Statutes  of  1752  and  1663 
do  not,  special  regulations  for  Fellows  "  residing  in  foreign  parts  and 
not  subjects  of  the  British  Dominions." 

So  early  as  1664  (Ap.  13)  a  Statute  was  passed  providing 

^'  '  that  persons  "  residing  in  Forraigne  parts,"  who  are  elected 
Ann.  1716.  Fellows,  should  not  pay  fees ;  in  1716  a  reference  occurs  to 
Ann.  1737.  Foreigners  who  are  Fellows;  and  in  1737  a  resolution  of 
Council  (which  did  not  become  a  Statute)  proposed  that  Foreigners 
resident  in  London  might  be  on  the  Home  List  if  they  paid  contributions. 
It  would  appear,  therefore,  in  spite  of  no  mention  of  the  matter  being 
made  in  1752,  that,  from  an  early  period,  a  distinction  was  made 
between  Fellows  who  were  Foreigners  and  others,  and  that  the  Fellows 
who  were  Foreigners  did  not,  of  necessity,  pay  contributions  to  the 
Society.  In  the  Register  of  Fellows,  however,  at  this  date  no  distinc- 
tion of  any  kind  is  made. 

It  was    apparently  soon    felt   that   the    Foreign   Members   were 

too   numerous  and  in  some  cases   not  of  sufficient  distinction;  for 

in  1761  (March  19)  the  Council,  in  order  to  ensure  that 

*  — _,    1781 

"  no  persons  residing  in  Foreign  parts,  not  being  subjects 
of  the  Crown  of  Great  Britain,  be  elected  Fe\\ov7S  \x\\\^^  \Xi^\T  ^)[2;vsi^<;:A.- 
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tions  be  very  well  known  as  well  abroad  as  at  home,''  enacted  a  Statute 
providing*  that  in  the  case  of  such  persons  the  certificate  should  be 
signed  by  at  least  "three  Foreign  Fellows,"  as  well  as   at  least  "by 

three  Fellows  named  in  the  Home  List."  And  in  1765 
Ann.  1766.  ^^d^^.  19)  on  a  proposal  "  to  restrain  the  number  of  foreign 
members,"  it  was  resolved  "that  no  foreigner  be  proposed  for  election 
that  is  not  known  to  the  learned  world,  by  some  publication  or 
invention  which  may  enable  the  Society  to  form  a  judgment  of  his 
merit,  and  that  till  the  number  of  foreign  members  be  reduced  to 
eighty,  not  more  than  two  shall  be  admitted  in  one  year."  A  spedal 
mode  of  procedure  in  the  election  of  foreigners  as  Fellows  was,  at  the 
same  time,  resolved  upon,  providing  for  the  election  of  two  a  year; 
and  a  subsequent  resolution  (Dec.  26)  provides  that  Foreign  Membere 
paying  contributions  shall  "  have  their  names  printed  in  an  alphabetical 
List  next  after  that  of  the  Home  Members,  as  Foreign  Members* 
contributing  towards  the  expenses  of  the  Society,"  and  so  distinct  from 
"  other  foreign  members  "  "  who  do  not  contribute."    On  January  16 

of  the  next  year  the  limitation  to  eighty  was  withdrawn, 

and  the  above  resolutions  were  then  embodied  in  the  form 
of  Statutes.  These  at  the  same  time  provided  that  the  new  regulation 
should  not  extend  to  Foreign  Princes  or  their  sons,  and  gave  permission 
to  foreigners  resident  in  Great  Britain  to  become  Fellows  in  the  usual 
Ann  1769.     ^^y^  which  permission  was  extended  on  Jan.  26,  17G9,  to 

foreigners  who  had  been  resident  in  Great  Britain  for  the 
Ann.  1773.     space  of  six  months.  Soon  after,  namely  on  Jime  10th,  1773, 

the  word  "  Foreigner "  appears  in  the  "  Register**  for  the 
first  time,  being  placed  after  the  names  of  Stehelin,  Le  Roy.  and  Le  Due: 
thenceforward  it  is  used  frequentl3\ 

In  the  Edition  of  1776  these  regulations,  in  a  somewhat 
nn.  77  .  iiQQ(iifi(3(i  form,  are  introduced  as  part  of  Sec.  8  of  Cap.  I.: 
the  limitation  to  the  election  of  two  a  year  is  omitted,  and  the  certifi- 
cates, signed  by  at  least  three  Fellows  upon  the  Foreign  List,  and  at 
least  by  three  Fellows  on  the  Home  List,  are  directed  to  be  suspended 
from  the  30th  November  until  the  weekly  Meeting  on,  or  next  after. 

the  30th  May.  Some  years  afterwards,  however  (March  S, 
^^'  *  1787),  this  part  of  Sec.  8  was  repealed,  and  a  new  Sec.  0 
added,  which  provides  a  somewhat  complex  mode  of  procedure  in  tbe 
election,  under  the  title  of  '*  Foreign  Members,"  "f  of  ^x^rsous  **who  are 
neither  natives  nor  inhabitants  of  his  Majesty's  dominions."  The  number 
is  limited  to  one  hundred.  Certificates  signed  by  six  or  more  Fellows 
are  to  bo  presented  at  some  meeting  between  Easter  and  the  Auniver- 

*  It  limy  be  remarked   that  in  the    early  records  of  the  Society  tlie  words 
"  Member  "  and  "  Fellow ''  appear  to  be  used  indiscriminately. 

f  Foreign  Memher  iva    d\sVm^v\\%\v<id  ftom.    Fellow.      In  the  edition  of  177t' 
and  thenceforward  tbe  tcrm"M.cmbcT,t!Atv^^\i^^\owvOT^T^^x^^<i\^Q^^\^T^^^ 
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aary.  At  a  meeting  immediately  before  the  following  Easter  a  selection 
of  candidates  is  to  be  made,  and  the  candidates  so  selected  are '  to  be 
balloted  for  at  the  next  meeting  immediately  after  Easter.  These 
regalations  are  not,  however,  to  apply  to  Sovereign  Foreign  Princes  or 
their  Sons,  or  to  such  Foreigners  resident  in  Great  Britain  as  may  desure 
to  become  Fellows  in  the  usual  way. 

The  Officers  of  the  Society,  the  Clerk,  Librarian,  ^c. 

No  changes  are  made  in  the  Statutes  of  1776  for  the  election  of 
Council  and  Officers ;  but  to  meet  the  changes  in  the  contributions  there 
are  changes  in  the  regulations  for  the  Treasurer.  There  are  also  changes 
in  the  duties  of  the  Secretaries,  chiefly  in  reference  to  the  Clerk  and  to 
the  publication  of  the  Philosophical  Transactions. 

Cap.  X.  provides  regfulations  for  the  qualifications,  mode  of  election, 
duties  and  remunerations  of  the  Clerk,  the  Librarian,  the  Keeper  of  the 
Repository,  and  the  House-Keeper. 

The  Statutes  of  1663  contain  regulations  for  the  Clerk, 
Ann.  1663.  ^^^  prescribe  clerkly  duties  for  him  ;  and  the  Society  had 
at  first  neither  House-keeper  nor  Librarian. 

When  in  1710  the  Society  moved  to  Crane  Court,  the  office 

j^  nw-  1710 

*  of  House-Keeper  was  established ;  but  the  then  Clerk  was 
made  House-Keeper.  As  the  Library  and  Repository  were  increased 
the  offices  of  Librarian  and  Keeper  of  the  Repository  were  established ; 
but  both  these  offices  were  held  by  the  Clerk,  under  supervision,  during 
a  certain  period  at  all  events,  of  Fellows  chosen  for  that  duty  under 
the  title  of  "Lispectors.**  But  the  Statutes  of  1752  contain  no  regula- 
tions for  these  offices  other  than  that  of  the  Clerk,  the  Statutes  con- 
cerning whom  remain  exactly  the  same  as  in  1663  ;  and  in  spite  of  the 
special  regulations  present  in  the  edition  of  1776,  it  appears 
Ann.  1776.     ^|^^^  |.j^^  Society  had  never  more  than  one  officer  to  carry 

out  these  several  duties,  and  that  he  was  called  "  the  Clerk,"  until 
at  a  later  period  (1823)  the  office  of  Clerk  was  abolished, 
^^^  ^*^'    and  that  of  Assistant  Secretary  instituted. 


The  Ordinary  Meetings  of  the  Society, 

In  the  edition    of    1776,   Cap.   XL    "Of   the    Ordinary 
Ann.  1776.     Meetings  of  the  Society,"  Sec.  1  provides  that  the  ordinary 
Meetings  should  be  held  on  "Thursdays,  beginning  at  6  p.m.,  and 
continue  about  an  hour,  as  usual,  at  the  discretion  of  the  President." 
ATin  1760.    This  Statute  was  passed  in  1769. 
Ann.  1663     '^^^    Statutes  of   1663  (IV.,   Sec.   1)  provide    that  the 

ordinary  meetings  should  be  held  on  "  Wednesday,  begin- 
ning about  three  of  the  clock  in  the  afternoon,  and  CQ»\i\Iva»\\i^  \»^>g\ 
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six,  unless  the  major  part  of  the  Fellows  present  shall,  for  that  time, 
resolve  to  rise  sooner,  or  sit  later."  And  the  Statutes  of 
Ann.  1752.  ^^^^  reproduce  exactly  the  Statute  (IV.  Sec.  1)  of  1663. 
Nevertheless,  the  records  pf  the  Society  show  that  the  day  and  hour 
of  the  ordinary  meeting  were  more  than  once  changed  in  the  interval, 
as  they  have  been  since.  The  following  shows  the  changes  and  their 
respective  dates  up  to  the  present  time : — 

1663.     On  Wednesdays,  at  2  p.m. 

Jul}'^     1,  1663,  changed  to  Wednesday,  3  to  6  p.m. 

Feb.      5,  1666  „  Thursday      at  3  p.m. 

April  10,  1672  „  Wednesday. 

Oct.    30,  1674  „  Thursday      at  3  p.m. 

Dec.     8,  1690  „  Wednesday   „  4    „ 

March  1,  1710  „  Thursday       „  4    „ 

April  20,  1769  „  Thursday       „  6    „ 

June  15,  1780  „  Thursday       „8     „ 

(?)        1831  „  Thursday       „  8.30  p.m.* 

Feb.  19,  1880  „  Thursday       „  4.30    „ 

The  first  Statute  enacting  that  no  meeting  should  be  held 
on  certain  days  or  in  certain  weeks  was  passed  in  1831 ; 
previously  to  that  the  Statutes  simply  said  "  upon  Wednesday,"  or 
*'  upou  Thursday."  But  the  practice  of  having  an  Autumn  recess  was 
of  much  older  date  than  this;  moreover,  the  Journal  Book  shows 
that  from  the  earliest  times  it  was  customary  to  hold  no  meetings  on 
Ash  Wednesday  and  certain  other  holy  days,  and  that  in  particular 
no  meeting  was  held  on  the  anniversary  of  the  death  of  Charles  1. 
In  1601  the  Journal  Book  omits  the  date,  January  30,  without  remark, 
although  a  meeting  was  due  upon  that  day.  On  January  30,  16C0, 
the  Minute  appears,  "  This  day  being  the  Anniversary  Fast-Day,  tlu're 
wiis  no  Meeting  of  the  Society.''  In  1667,  the  entry  is,  *' The  Society 
met  not,  be^'ause  of  the  solemne  Fast."  Similar  entries  occur  in 
subsequent  years,  the  last  being  on  January  30,  1834.  After  this  date 
the  custom  wa^s  omitted. 


The  Admission  of  Strangers  to  the  Meetings  of  the  Society. 

In  the  Statutes  of  1752,  any  of  his  Majesty's   subjects 

^^'         '     having   the  title  and   place  of  a   Baron,   or  having  any 

higher  title  or  place,  are  permitted  to  be  present  at  the  Meetings  of 

the  Society,  "  with   the   allowance  of   the  President ; "  other  persons 

may  attend  "  upon  leave  obtained  of  the  President  and  Fellows  present." 

*  Careful  search  has  failed  to  show  when  this  change  was  made,  but  it  wai 
probably  about  this  time. 
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In  1776  the  mention  of  titled  persons  is  omitted,  and  the 
Statute  simply  provides  for  " strangers"  being  present. 
Some  years  later,  viz.,  in  1784,  a  new  section  was  added 
^^  ^^®*     to  Cap.  XL  as  follows  :— 

**VI.  That  the  meetings  of  the  Society  may  not  be  wasted  by 
unprofitable  debates,  contrary  to  the  intent  and  meaning  of  the  fifth 
section  of  this  chapter,  it  is  constituted,  estabhshed,  and  ordained, 
that  every  motion  or  question,  proposed  to  be  ballotted  for  by  the 
Society,  shall  be  fairly  transcribed  on  paper,  and  being  signed  by  six  or 
more  Fellows  of  the  Society,  it  shall  be  by  them  delivered  to  one  of 
the  Secretaries  at  a  meeting  of  the  Society ;  and  shall  thereupon  be 
read  immediately  after  the  declaration  of  the  Presents  on  the  table ; 
and  after  being  marked  by  the  Secretary  with  the  date  of  the  day 
when  delivered,  it  shall  be  fixed  up  in  the  common  Meeting-room  of 
the  Society  at  the  next  ordinary  Meeting ;  and  on  the  Meeting  next 
following  the  same,  it  shall  be  put  to  the  Ballot,  unless  those  who 
have  signed  it  agree  to  withdraw  it. 

*^  But  nothing  contained  in  this  Statute  is  to  be  construed  to  extend 
to  matters  relative  to  elections,  or  the  ordinary  business  of  the 
Society." 

The  motions  or  questions  proposed  to  be  "ballotted  for"  must 
therefore  have  had  reference  to  matters  of  science. 

Publications,  Records,  and  Library. 

In  Cap.  XII.,  the  quorum  of  the  Committee  of  Papers  is 
'    raised  from  five  to  seven,   and  the  part  of  the  Statute 
providing  that  there  should  be  no  entry  of  rejected  papers  is  omitted. 

In  Cap.  XIIL,  "Of  the  Manner  of  Publication  of  the 
Aan.  7  .  pjp^pg  laid  before  the  Society,"  the  word  "Librarian" 
is  substituted  for  that  of  "Clerk";  also  the  period  during  which 
surplus  copies  not  required  by  Fellows  must  remain  before  they  are 
disposed  of  by  the  Council,  is  extended  from  one  year  (as  in  1762)  to 
five  vears. 

Cap.  XIV.,  "Of  the  Books  and  Papers  of  the  Society," 
'  differs  somewhat  from  the  corresponding  Cap.  XVI.,  "Of 
the  Books  of  the  Society,"  in  the  Statutes  of  1752.  The  copy  of 
Statutes,  the  List  of  Benefactors,  and  the  Register  of  Fellows  is 
omitted  from  the  Charter  Book.*    The  Statute  concerning  the  Register 

*  The  Charter  Book  never  did  contain,  as  provided  bj  the  Statute,  the  Begister 
of  Fellows,  but  onlj  their  signatures.  The  Sociotj  possesses,  however,  a  volume 
now  called  '*  The  Begister/*  which  contains  the  names,  with  dates  of  election,  of 
all  the  Fellows  from  the  foundation  of  the  Society  up  to  the  year  1875.  Since  tlir.i 
date  the  Begister  is  continued  in  a  second  volume. 

70L.  L.  ^  ^ 
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Books,  containing  accounts  of  observations,  experiments,  &c^  and  the 
Statute  concerning  the  Book  of  Letters,  are  omitted. 

A  new  Statute  (Sec.  V.)  is  introduced,  to  the  effect  thit 
the  original  copy  of  every  paper  read  at  the  Society  shall 
be  considered  as  the  property  of  the  Society ;  and  another  (Sec  TI.) 
j^rovides  for  the  care  of  the  papers  read.  And,  lastly,  a  new  Statnte 
(Sec.  VII.)  introduces,  for  the  first  time,  into  the  Statutes  regulations 
concerning  the  use  of  the  Library.  The  Library  is  to  be  open 
Tuesdays  and  Thursdays,  from  11  a.m.  to  2  p.m.,  and  Fallows  may, 
by  leave  of  the  Society  or  of  the  Council,  take  out  four  volumes 
for  six  weeks.  If  these  are  printed  books,  the  Fellow  g^ves  merely 
his  note ;  if  MSS.,  a  bond  of  £50  for  each. 


The  Statutes  from  1776  to  1847. 

The  Statutes  of  1819. 

The  next  edition  appears  to  be  that  of  1819  ;  it  is,  however,  merely 
a  reprint  of  that  of  1776,  with  the  additions  of  Cap.  I.,  Sec.  9,  as 
to  Foreign  Members,  and  Cap.  XI.,  Sec.  6,  as  to  the  conduct  of  ordinary 
meetings,  mentioned  above  (p.  508  and  p.  511). 

The  Statutes  of  1823. 

„      .      -_     -  In  the  next  edition — that  of  182;J — several  impor- 

Poreifcn  Members,  .  i        ■•  , 

limited  to  fifty,  taut  changes  are  introduced.  Tiie  number  of 
selected  by  Council.    ,-,       .        ^r      i         •    !•     -x    i  ^    ^r^  j  .    .i 

Foreign  Members  is  limited  to  fifty  ;  and  **  they  are 

to  be  put  in  nomination  as  candidates  at  a  meeting  of  the  Council,"  instead 
of  the  previous  complex  procedure.  The  regulations  for  the  election 
of  the  Council  and  officers  are  much  simplified,  but  not  materially  altered. 
Foreign  ^  ^®^^'  Statute,  Cap.  IX.,  Sec  4,  institutes  a  new  office,  that 
Secretary,  ^f  ^\^q  u  ^cretary  for  Foreign  Correspondence."  Since 
1719  the  proceeds  of  the  bequest  of  Mr.  Robert  Keck  had  lieen 
*'  bestowed  on  acme  one  of  the  Fellows,**  appointed  '•  to  carry  ou  a 
foreign  correspondence,"  but  the  Fellow  performing  these  duties  was 
appointed  by  Council  at  their  pleasure,  and  wa.s  styled  Assistant  to  the 
♦Secretaries.  The  new  Secretai*y  for  Foreign  Correspondence  was  to 
rank  with  the  two  Principal  Secretaries. 

Assistant  ^'^^^  office  of  Clerk  is  aboHshed,  and  that  of  Assistant 
Secretary.  Secretary  created.  The  old  Statute  relatin;j^  1o  the  Clerk  is, 
in  consequence,  largely  modified.  The  Assistant  Secretaiy  is  made 
Jjibrarian  and  Housekeeper,  but  all  mention  of  the  Keeper  of  the 
Kepository  dlsap])ear3  from  the  Statutes.  The  facilities  for  using  the 
Library  are  increased.  The  annual  contribution  is  raised  from  "a 
Contributions  shilling  a  week,"  or  thirteen  shillings  a  (quarter,  to  **  one 
raised.  pound  a  i.\\\a^^^^^''  ^^"^^  ?k.viv\\k»lou  fee  from  five  guinea^s 
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to  ten  pounds,  and  the  composition  fee  from  twenty-six  guineas  to  forty 
pounds. 

The  Statutes  of  1831. 

The  edition  of  1831*  contains  a  few  changes  which  are  of  no  great 
moment,  and  chiefly  refer  to  payments  (Cap.  III.),  the  "  bond"  being 
omitted 

In  1831  the  Statutes  relating  to  the  Assistant  Secretary  were 
amended,  the  separate  regulations  for  Librarian  and  Housekeeper 
being  omitted ;  and,  in  1835,  the  then  existing  Statute,  Cap.  I.,  Sec.  5 
(enacted  in  1831),  that  "no  election  for  Fellows,  or  for  Foreign 
Members,  shall  take  place  excepting  on  the  first  ordinary  meetings 
of  the  Society  in  December,  February,  April,  and  June  "  was  repealed. 


The  Statutes  of  1840. 

In  the  next  edition,  1840,  the  most  notable  change  concerns  the 
election  of  Officers  and  Council.  These  are  to  be  put  in  nomination 
by  the  President  and  Council,  according  to  the  plan  at  present  in  use* 
A  new  Chapter,  "  Of  Special  General  Meetings  of  the  Society  "  is  added- 
The  composition  fee  is  raised  to  sixty  pounds  iu  the  case  of  Fellows 
elected  after  Dec.  11, 1834,  except  such  as  have  contributed  papers  to 
the  Philosophical  Transactions ;  the  Statutes  concerning  publications 
are  thrown  into  one  Chapter ;  and  some  slight  changes  are  made  in 
the  Statutes  concerning  the  Treasurer  and  Secretaries.  Cap.  XL, 
*'0f  the  ordinary  Meetings  of  the  Society,"  provides  for  the  recess 
from  the  third  Thursday  in  June  to  the  third  Thursday  in  November, 
and  as  mentioned  above,  for  the  omission  of  meetings  on  certain  days. 

With  the  important  exception  of  those  relating  to  the  election  of 
Fellows,  the  Statutes  of  this  edition  are  very  like  those  at  present  in 
force. 

The  Statutes  of  1847. 

Very  soon  after,  however,  viz.,  in  1846,  a  Committee  of  Council  was 
appointed  to  consider  the  mode  of  Election  of  Fellows,  with  the  result 
that  in  1847  new  Statutes  were  enacted,  regulating  the  Election  of 
fifteen  Fellows  annually,  according  to  the  plan  at  present  in  use. 
These  Statutes  mark  an  epoch  in  the  history  of  the  Society. 

*  One  form  of  this  Edition  is  simply  a  reprint  of  that  of  1823,  with  an 
Appendix  of  amended  Statutes. 
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The  Changes  from  1847  to  1888. 

The  most  notable  changes  which  have  since  then  been  enacted  or 
proposed  are  as  follows : — 

On  November  Srd,  18G4,  the  repeal  of  the  Statute  relating  to  the 
admission  of  strangers  to  the  meetings  was  moved,  but  negatived; 
and  again,  on  March  21st,  1867,  a  proposal  that  the  public  be  admitted 
to  the  Ordinary  Meetings  of  the  Society  was  negatived. 

In  1865  the  privileged  class  (Cap.  I.,  Sec,  4)  was  extended  to  include 
Foreign  Sovereign  Princes  and  their  sons. 

In  1866  the  practice  of  paying  for  a  proportional  part  of  the  year 
was  abolished,  and  the  annual  payment  was  made  one  in  advance. 

In  1871  a  new  Statute  was  enacted  prohibiting  the  payment  of 
dividends  to  Fellows. 

On  October  30th,  1873,  upon  a  motion  to  assimilate  the  mode  of 
election  of  the  Privileged  Class  to  that  of  Ordinary  Fellows,  to  place 
in  the  hands  of  the  Council  the  selection  of  such  candidates,  and  to 
require  "evidence  of  ascertained  special  power  and  disposition  to  forward 
the  aims  of  the  Society  from  exceptional,  personal,  or  official  advantages 
of  position,  or  of  great  eminence  in  any  branch  of  learning,  instead  of 
any  qualification  based  only  on  accident  of  lineage  or  of  political  statua,** 
the  Statute  concerned  was  referred  to  the  consideration  of  a  Committee, 
and  on  April  23rd,  1874,  the  Statute  in  its  existing  fonn  was  enacted 

On  December  17th  of  same  year,  1874,  a  Committee  was  appointed 
to  consider  the  election  of  candidates  for  Fellowship,  which  Committee 
presented  on  November  30th,  1875,  a  long  report  giving  reasons 
why  no  changes  should  be  made. 

In  1878-9  changes  were  made  in  the  {payment  of  fees. 

In  1879  the  Statutes  relating  to  Foreign  Members  were  altered  to 
their  present  fonn. 

In  1880  (February  19th)  the  hour  of  meeting  was  changed  from  the 
evening  to  the  afternoon. 

In  1885  the  time  during  which  the  Library  is  open  to  Fellows  was 
extended. 

In  1888  the  Statute,  Cap.  XI.,  Sec.  2,  was  altered  to  admit  of  an 
Ordinary  Meeting  being  held  on  the  day  of  Election  of  Fellows,  and 
Statute,  Cap.  XIII.,  Sec.  7,  was  altered  to  allow  Fellows  to  receive 
their  copies  of  the  Philosophical  Transactions  upon  a  request  in  writing. 

In  drawing  up  the  above  note  I  have  been  greatly  assisted  by  the 
Assistant  Secretary. 
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Apprndix. 


Number  of  Fellows  from  1700  to  1890. 
Vom  1700  to  1739,   the  numbers  can  be  ascertained  for  certain 
rs  only.    From  1740  to  1820,  the  numbers  at  the  decades  only  are 
en. 

Tie  numbers  are  exclusive  of  Foreig^n  Members,  and  the  figures 
Icate  the  number  of  Fellows  alive  on  the  Anniversary  Meeting  of  the 
r. 


I 

125 

1823 

674 

1857 

658 

i 

131 

1824 

678 

1858 

647 

B 

127 

1825 

678 

1859 

637 

4 

136 

1826 

698 

1860 

621 

S 

138 

1827 

679 

1861 

.607 

3 

146 

1828 

678 

1862 

606 

S 

149 

1829 

670 

1868 

602 

3 

148 

1830 

691 

1864 

599 

1 

152 

1831 

695 

1865 

586 

8 

158 

1832 

692 

1866 

572 

8 

160 

1833 

690 

1867 

664 

A 

165 

1834 

715 

1868 

548 

5 

162 

1835 

785 

1869 

544 

5 

159 

1836 

737 

1870 

644 

7 

161 

1887 

730 

1871 

542 

0 

196 

1838 

734 

1872 

536 

1 

194 

1839 

749 

1873 

524 

A 

222 

1840 

751 

1874 

526 

1 

268 

1841 

769 

1876 

516 

4 

272 

1842 

762 

1876 

611 

5 

279 

1843 

769 

1877 

605 

6 

282 

1844 

762 

1878 

601 

B 

295 

1845 

767 

1879 

488 

1846 

779 

1880 

486 

0 

301 

1847 

768 

1881 

480 

0 

348 

1848 

751 

1882 

477 

0 

344 

1819 

748 

1888 

478 

0 

878 

1850 

736 

1884 

468 

0 

471 

1851 

720 

1885 

466 

0 

493 

1852 

707 

1886 

464 

0 

529 

1853 

701 

1887 

466 

0 

547 

1854 

688 

1888 

469 

0 

649 

1855 

671 

1889 

466 

1 

676 

1856 

661 

1890 

468 

2 

686 

516 


Appendix. 


LIST   OF  PORTRAITS  AND  BUSTS  IN  THE  APARTMENTS  OF 

ROYAL  SOCIETY  AT  BURLINGTON  HOUSE. 

*^*  Where  the  entries  after  a  name  are  incomplete,  particulars  are  wanting. 


1.  Amici,    Giovanni    Ba- 

tista 

2.  Amott,  Keil,  F.E.S.    . . 

3.  Arundel,  Thomas  How- 

ard, Earl  of 

4.  Aston,     Francis,     Sec. 

B.S. 

5.  Baoon,      Sir     Francis, 

Lord  Chancellor 

6.  BaUy,  Francis,  F.R.S... 

7.  Banks,      Sir      Joseph, 

Bart.,  P.R.S. 

8.  Ditto 

9.  Barrow,  Sir  John,  Bart., 

F.R.S. 

10.  Bavaria,  Charles  Theo- 

dore, Duke  of 

11.  Birch,  Thomas,    D.D., 

F.R.S. 

12.  Boyle,     Hon.    Robert, 

F.R.S. 

13.  Ditto 


U. 


Ditto 


15.  Bradley,   Jamesi,  D.D., 

F.R.S. 
IC.  Brahe,  Tycho   . . 

17.  Brodie,    Sir    Benjaiiun 

C,  Bart.,  P.R.S. 

18.  Ditto 


10.  Brouncker,      A^iscount, 

P.R.S. 
20.  Buchanan,  Geori^e, 

F.R.S. 
;  21.  Buckland,  Rey. 

William,  F.R.S. 


Description. 


Photograph    . . 

Crayon  drawing 

Oil  painting    . . 

Ditto    . . 

Ditto    . . 

Mezzotinto  en- 
graving 
Oil  painting    . . 

Marble  bust    . . 

Oil  painting    . . 


22.  Buissi^re,     Paul,    For. 

Mem.  R.S. 

23.  Burney,  Dr.,  F.R.S.    . . 

21.  Burrow,      Sir      James 
P.R.S. 


Ditto  . . 

Ditto  . . 

Ditto  . . 

Ditto  .. 
Ditto 

Ditto  . . 

Ditto  .. 

Ditto  .. 
Plaster  bust 


Oil  painting    . . 

Ditto    . . 

Mezzotinto  en- 
graving 

Oil  painting    . . 

Plaster  bust 

Oil  painting    . . 


\ 


Painter,  Engraver, 
or  Sculptor. 


Donor. 


Mrs.  Carpenter    . . 

T.  Murray 

F.  Kerseboom 

P.  van  Somer 

T.    Lupton,    after 

T.  Phillips,  R.A. 

T.  PhiUips,  R.  A. . . 

Sir    F.    Chantrey, 

R.A. 
S.  Pearce  . . 


..    J.  WUls 


. .     F.  Kerseboom 


Sir  O.  Kneller 


J.  Richardson 
M.  J.  Mierevelt 

A.  Thompson,  after 
G.F.Watts.R.A. 

Original  model  of 
the  bust  bv 
W.  Behnes 

Sir  P.  Lelv 


Sir  C.  Wheatstone^ 

F.R.S. 
Mrs.  Amott        .. 

Sir  Isaac  Kewton, 
P.R.S. 


Martin         Folkei,  i 

Esq.,  P.B.S.        j 
Rev.      B.    Sheep- i 

shanks 
Don  Jose  de  Men- 

doza  y  Rios        ! 
Sir    F.   Chantiey, 

R.A. 
J.    Barrow,    Es^., 

F.RS. 
Doke  of  Bavaria.. 


Executors    of  Mr.  | 

Boyle 
Sir  C.  VVheatstone, 

F.R.S. 


Rev.  —  Peach     .. 


I 


Sir   B.   C.  Brodie. 

Bart. 
Sir  B.  C.  Brodie, 

Bart. 

Viscount  Brouncker 


F.  Pourbus,  Sen.  . .     T.  Povey,  Esq. 


S.  Cousins,  R.A., 
after  T.  Phillips, 
R.A. 

T.     Gainsborough 


J.  B.  Van  Loo 


Sir  C.  Wheatstone, 
F.R.S. 

Pet<^r        BuLssi^re. 
Esq.,  F.R.S. 


Sir  J.  Burrow 


List  of  Portraits  and  Busts, 


Subject. 


Chandler,  Samuel, 

D.D.,  F.R.S. 

Chardin,      Sir     John, 

P.E.S. 
Oharles      II.,      King, 

Founder  and  Patron 
Ditto         . .         • . 

Children,  John  George, 

Sec.  R.S. 
Clift,  William,  F.R.S.. . 

Colwall,  Daniel,  F.R.S. 

Combe,  Taylor,  Sec.  R.S. 

Copernicus,  Nicholas  . . 


CuTier,  Q-corges 
Dalton,  John,  F.R.S. . . 
Darwin,  Charles,  F.R.S. 

Ditto 

Ditto 

« 

Darwin,  Erasmus, 

F.R.S. 
Davy,    Sir    Humphry, 

Rart.,  P.R.S. 
Ditto 

Ditto 

De  la  Beche,  Sir  Henry 

Thomas,  F.R.S. 
Derham,  Rev.  William, 

D.D.;  F.R.S. 
Descartes,  Ren^ 


Description. 


Painter,  Engraver, 
or  Sculptor. 


Oil  painting    . . 


Ditto    . . 
Ditto   .. 
Marble  bust    . . 
Oil  painting    . . 
Ditto   . . 
Ditto   . .         . . 
Ditto   . . 
Ditto  (on  panel) 


Bronze  bust  . . 
Oil  painting  . . 
Etching 

Photograph 
(small  oval) 

Bronze  medal- 
lion 

Medallion,  in 
Wedgwood 

Oil  painting  . . 

Photograph  of 
the  statue  ut 
Penzance 

Wax  medallion 

Mezzotinto  en- 
graving 
OU  painting    . 

Ditto   .  • 


M.  Chamberlain  . . 


Sir  P.  Lely 
J.  NoUekens 
S.Pearce(?)«       .. 
H.  Schmidt 

•  • 

Joseph  (?)  J 

Lorman  of  Berlin, 
from  an  original 
portrait  (sec 
•  Phil.  Trans.,' 
vol.  Ixvii.,  p.  83) 

•  • 

B.  R.  Faulkner    . . 

P.  Rajon,  afterW. 
W.  Ouless,  R.A. 

•  • 

Allan  Wyon 


Sir    T.  Lawrence, 
P.R.A. 


J.  Tayler 

W.  Walker,  after 

H.  P.  Bone 
O.White.. 

F.  Hals     . .         •  • 


Donor. 


Date 
of  gift. 


Executors  of  Mr. 

John   Chandler, 

F.R.S. 
G*.  Handford,  Esq. 


Ordered  by  the 
Council  R.S. 

Dr.  J.  E.  Gray, 
F.R.S. 

Mrs.  Owen 

D.  Colwall,  Esq. . . 

Dr.    J.    E.    Grav, 

F.R.S. 
Dr.  Wolf.. 


P.  J.  David,  Esq. 

A  Memorial  Com- 
mittee 


Major  Darwin 


J.     Evans,     Esq., 

Treas.  R.S. 
Lady  Davy 

W.    J.    Henwood, 
Esq.,  F.R.S. 


Sir  C.  Wheatstone, 

F.R.S. 
G.  Scott,  Esq. 

Dr.  Maty  . .         •  • 


The  portrait  of  Mr.  Children  was  long  in  his  possession,  and  given  to  me  by  him  when  he 

the  British  Museum.    I  have  failed  as  yet  in  getting  any  clue  as  to  the  painter  of  the  picture. 

ve  an  idea  that  it  was  Mr.  Pearce,  who  afterwards  painted  the  Arctic  people.    (Letter  from 

ionor,  Aug.  4,  1873.) 

Included  in  a  list  printed  in  1834. 

The  portrait  of  Mr.  Combe  was  given  to  me  by  Mr.  Charles  Tooke,  his  nephew,  the  son  of 

sister  and  T.  Tooke,  Esq.,  the  author  of  *  Pnoes.'     Mr.  Combe  married  the  daughter  of 

E.  W.  Gray,  Sec.  R.S.,  my  uncle.    I  believe  the  portrait  is  by  Jo«ei;ih^  who  igoisLtittl^Sl.^^ 

ily.    (Letter  from  donor,  Aug.,  1873.) 
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Appendix. 


Subject. 


46.  DoUoDd,  John,  F.B.S.. . 

47.  Ditto 

48.  Ealer,  Leonard 

49.  Eyans,     Jolin,     Treas. 

B.S. 

50.  Evelyn,  John,  Sec.  B.S. 

61.  Fairbaim,  Sir  William, 

F.R.S. 

62.  Ditto 

53.  Falconer,  Hugh,  F.R.S. 

54.  Faraday,  Michael, 

F.B.S. 


65. 

56. 
67. 

58. 


Ditto 

Ditto 
Ditto 

Ditto 


Deeoription. 


Oil  painting   . . 
Marble  boBt   . . 


Plaster  medal 

lion 
Bronze  medal 

lion 
Oil  painting 

Ditto  .. 

Marble  bust 

Ditto  .. 

Oil  painting 


Mezzotinto  en- 
graying 

liithograph    . . 

Marble  bust   . . 


Painter,  Engrayer, 
or  Sculptor. 


W.  P.  Withering- 
ton,  B.A. 
—  Gurland  • . 


F.  Keraeboom  (?) 

B.B.Faulkner    .. 

P.Park     .. 

T.Butler.. 

A.  Blaikley  (paint- 
ed between  1851 
and  1855) 

S.  Cousins,  B.A., 
after  H.  W. 
Pickersgill,  B.A. 

•  • 

M.  Noble  . . 


Pla9t<>r  bust    . .  |  J.  H.  Foley,  B.A. 

I 
Oil  painting   . .  !  T.  Gibson  ., 


59.  Flamst^ed,  Bcv.  John, 

F.Iv.S. 
GO.  Ditto  . .  i  Ditto   . .  . .    T.  Gibson  (?) 


61.  Folkes,  Martin,  P.B.S. 

62.  Ditto 


Ditto   . . 
Plaster  bust 


W.  Hogarth 


•  • 


Donor. 


^1 


G.  Dollond,  Esq.,  i  lA 
F.B.S. 


G.  DoUond,  Emj. 
F.B.S. 


IM 


John  Eyans,  Esq.     Ifll 


Mrs.  Eyelyn 
Sir  W.  Fairbaim 
T.  Fairbaim,  Esq. 

A  Memorial  Com- 
mittee 

J.  P.  Gassiot,  Esq., 
F.B.S. 


J.  P.  Gkssiot,  Esq.,    187 
F.B.S. 


UN 


Sir  C.Wheatstone, 

F.B.S. 
H.    Benee    Jones, 

Esq.,  F.R.S. 


1» 
IS 


Oil  painting    . .     H.  Rigaud 


Purchased    bv  the  :  18^ 

Council.  R.S. 
John  Bclchier,  Esq.  17- 


Martin  Folkes,  Esq.' 

i 
Earl  Stanhoi>o     . .  |  15 

Dr.  Mat V,  F.R.S...    1^ 


63.  Fontenelle,  Bernard  le 
Bovier  de,  For.  Mem. 

B.S. 

64.  Forbes,  Edward,  F.B.S.  i  Plaster  bust    ..'J.  G.  Lough        ..i  Miss  Lough -Bishop 


65.  Franklin,       Benjamin,     Oil  painting    .. 

F.R.S. 

66.  Ditto  . .  I  Plaster  bust    . . 

67.  Franklin,      Sir    John,     Lithograph     . . 

F.R.S. 

68.  Gale,     Thomas,    D.D.,  1  Oil  painting    . . 

Sec.  B.S.  ; 

69.  Galileo  Galilei  . .  . .  !  Ditto    . . 


70.  Gkssendi,  Pierre 


J.     H.     Maguire, 

after  Negelin 
J.  Riley  (?) 

After    J.     Sustor- 
mans 


IJ 

i: 


Caleb  Whitefoord, 

Esq. 
Earl  Stanhope      . , ;  15 


Ditto    . . 


Sir  C.  Wheatstone,  '  V 
F.R.S. 


Purchased 

Dr.  Paget,  F.B.S. 


*  Included  Vn  Ob  li^X.  -^TvtvV.^d  vcv  V?av. 


List  of  Portraits  and  Busts. 
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Subject. 


71.  George     III.,      King, 

Patron 
7a.  GUbert,  Davies,  P.B.S. 


78. 


Ditto 


Description. 


Marble  bust  . . 
Oil  painting  . . 
Marble  bust   « . 


74.  Grabam,  Thomas, 

F.RJ3. 
76.  Gray,    Edward    Wliit- 

tiler,  Sec.  K.S. 

76.  Gray,    John    Edward, 

F.B.S. 

77.  Haak,  Theodore,  F.E.S. 

78.  Haller,  Albert  Ton,  For. 

Mem.  B.S. 

79.  Hallej,  Edmund,  Sec. 

B.S. 

80.  Ditto 

8L  Harrey,  William,  M.D. 

82.  Herschel,     Sir     John, 

Bart.,  F.B.S. 
88.  Hey,  William,  F.B.S.. . 


84.  Hobbefl,  Thomas 
86.  Ditto 

86.  Holland,    Sir     Henry, 

F.B.S. 

87.  Holman,  Lieut.  James, 

F.B.8. 

88.  Home,     Sir     Everard, 

Bart.,  F.B.S. 

89.  Hood,  Thonuis . ; 

K).  Hooker,  Sir  Joseph 
Dalton,  P.R.S. 

91.  Humboldt,  F.  H.  Alex- 
ander Ton,  For.  Mem. 
B.S. 

12.  Hunter,  John,  F.B.S. 

Ml.  Huzham,  John,  M.D., 

F.B.O. 
M.  Huxley,  Thomas  Henry. 

P.B.8. 
)5.  Joule,  James  Prescott, 

F.E.S. 


Mezzotinto  en- 
fraying 
Oil  painting    . . 

Ditto   .. 


Ditto  . . 
Ditto  . . 
Ditto  . . 
Ditto  . . 
Ditto  .. 
Oil  painting  . . 
Plaster  bust    . . 

Oil  painting   . . 
Ditto   •• 


Painter,  Engraver, 
or  Sculptor. 


Donor. 


J.  Nollekens 

T,  PhiUips,  B.A. . . 

B.  Westmacott, 
B.A. 

J.   Faed,  after  J. 

G.  Gilbert 
Sir  A.  Calcott,  R.  A.  j 

Mrs.  Carpenter    . 

J.  Richardson 

C.  Ton  Stoppelaer 
M.  Dahl  (?) 

T.  Murray  (?) 
De  Beyn   .  • 
0.  A.  Jensen 

(Cliantrey  executed 
a  marble  bust 
from  this  plaster) 

W.  Dobsont 

After  W.  Dobson 


Ordered     by    the 

Council  R.S. 
Dayies  Gilbert,  Esq. 

The  Baroness 

Basset 
Sir  C.  Wheatstone, 

F.B.S. 
Sir  A.  Calcott 

The  Botanical 

Society 


Dr.  Sharpey, 

F.B.S. 


Date 
of  gift. 


Lithograph     . 

Oil  painting   . . ,  G.  Chinnery 

Ditto   . .         . . !  T.  Phillips,  R.  A. . . 


Plaster  bust   . . 

Oil  painting    . . 

Bronze    statu- 
ette 

Oil  painting    • . 

Ditto   •  • 

Etching      (re- 
marque  proof) 


E.  Dayis   • . 
Hon.  J.  Collier    . . 


R.  Home^  • 

T.  Rennel 

L.  Flemeng,    after 
Hon.  J.  Collier 


Oil  painting    . .     IIoi).  J.  Collier 


Dr.  Mappletorf 

John  Eyans,  Esq., 

Treas.  R.S. 
Rev.  J.  B.  Readc, 

F.R.S. 

Dr.  Paget,  F.R.S. 
(?) 


Sir  C.  Wheatstone, 

F.R.S. 
Bequeathed        by 

Lieut.  Holman 
Sir  E.  Home,  Bart. 

£.  Dayis,  Esq. 

From     sixty-eight 
Fellows,  R.S. 


Sir  E.  Home,  Bart. 

J.     C.      Huxham, 

Esq.,  F.R.S. 
Fine  Art  Society  . . 

From  a  number  cf 
Fellows,  R.S. 


1778 
1884 
1844 
1876 
1880 
1869 


1877 


1877 
1864 

1876 
1868 

1867 
1881 


1860 


1886 
1883 


*  Included  in  a  list  printed  in  1834. 

t  See  Aubrey's  *  Letters  written  by  Eminent  Persons,'  yol.  IT,  Part  2,  p.  682,  where  he  mentions 

portrait  of  Hobbes  by  J.  B.  Gaspars  as  presented  to  the  Society. 

X  The  dog  in  this  picture  is  mentioned  in  '  Phil.  Trax&B.,*  yo\.  iiSLX^  "^.TXA . 
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Appendix. 


Subject. 


Description. 


96.  Jurin,  James,    M.D., 

Sec.  B.S. 

97.  Laplace,  Pierre  Simon, 

For.  Mem.  B.S. 

98.  Leibnitz,        Qottfricd 

Wilhelm,  For.  Mem. 
B.S. 

99.  Liebig,     Justus     yon. 

For.  Mem.  B.S. 

100.  Locke,  John,  F.B.S.  . . 

101.  Lyell,    Sir      Charles, 

F.B.S. 

102.  Macclesfield,  Earl  of, 

P.B.S. 

103.  M'Culloch,  John, 

M.D.,  F.BJ3. 

104.  Malpighi,      Marcello, 

For.  Mem.  B.S. 

105.  Mantell,    Gideon   Al- 

gernon, F.B.S. 

106.  Maskelyne,         Nevil, 

D.D.,  F.B.S. 

107.  Moivre,  Abraham   de, 

F.B.S. 

108.  Moll, . . 


Oil  painting   . . 
Plaster  bust 
Oil  painting    . . 

Photograph    . . 
Oil  painting   . . 
Marble  bust    . . 
Oil  painting   . . 
Ditto   . . 
Ditto    . . 
Ditto   . . 
Ditto   . . 
Ditto   . . 
Lithograph     . . 


Painter,  Engrayer, 
or  Sculptor. 


Donor. 


Ber.  W.  A.  Totton    U( 


After       Sir       G. 

Kneller 
W.    Theed,    after 

J.  Gibson,  B.A 
T.  Hudson  (?) 

B.  B.  Faulkner 

A.  M.  Tobar 

J.  J.  Masquericr 

A.  Vanderburgh 

J.  Highmore 

H.  W.  Couwenbcrg 


Dr.  Wilson 

Sir  O.  Wheotstone, 

F.B.S. 
J.  Belchier,  Esq... 

Leonard        LyeQ, 
Esq. 

Earl    of    Maccles- 
field 

Bequeathed        bv  ■ 
Mrs.  M*Culloch  | 

Signor  Malpighi 

W.  Mantell,  Esq... 
Mrs.  Meryin  SUnej 


188 


in 

m 


m 


109.  More,    Henrv,     D.l).,  I  Oil  painting    . .     Sir  P.  Lelv 
F.R.S.  *  ' 


E.  Wortley  Mon- 
tague, Esq. 

Sir  C.  Wheatstone,    UP 
F.R.S. 

Dr.  Paget,  F.R.S. 


110.  Murcliison,  Sir  Rode-     Mezzotinto  en-  :  W.  Walker,  atVr  i  Sir  C.  Wlieatstonf,    197 


rick  Impey,  F.R.S. 

111.  Newton,     Sir     Isaac 

P.R.S. 

112.  Ditto 


113. 
114. 
115. 
IIG. 

117. 
118. 


Ditto 
Ditto 
Ditto 
Ditto 

Ditto 

Ditto 


I       graving 
Oil  painting    . 
Ditto    . . 
Ditto    . . 


W.  H.  Pickers- 
gill,  R.A. 
C.  Jerras  . . 


F.R.S. 
Sir  I.  Xcwton 


J.  Vandcrbank*  . .  j  C.      B.     Vicnoles, "  1* 

Esq.,  F.R.S. 

Martin         Folkc?. 
Esq.,  P.R.S. 

R.  Mallet,  Esq.    ..    IS 


J.  Yanderbank 


Me/zotinto  en-  !  J.      Faber,      after 

graving  I       Yanderbank 

Ditto    ..  ..|  After  Yanderbank   |  Rev.  J.  A.  Edleston    18 

Steel  engravint^  I  T.O.  Barlow,  R. A.,  '  Dr.  S.  Crompton  ..    l^ 

after       Sir      G.  | 
Kueller 


Peneil  drawing 
(signed  D. 
L.  Maroliant) 

Lithograph 


119. 


Ditto 


Marble  bust 


—  Baldrev,    aft4?r    Rev.    C.     Tumor,    IJ 
L.  F.  Roubiliac's         F.R.S. 
statue  at  Trinitv 
College,       Cam- 
bridge 

L.  F.  Roubiliac 


*  Pamted  \.\\e  'jcw:  \>eW^  ^^^Vow  ^^vb^. 


List  of  Portraitt  and  Busts. 
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Subject. 

Description. 

Painter,  Engrayer, 
or  Sculptor. 

Donor. 

Date 
of  gift. 

1858 

h  Newton,     Sir     Isaac, 

Plaster    statu- 

W.Theed.. 

J.  Winter,  Esq.   .. 

P.B.S. 

ette 

I.          Ditto 

Ditto   .. 

H.  J.  Jones,  after 
L.  F.  Roubiliac's 

statue  at  Trinity 

1 

College,      Cam- 

1 

bridge 

S.  Northampton,     Spen- 

Oil painting    . . 

T.  Phillips,  R.A. . . 

Marquess  of  North- 

cer J.   A.   Compton, 
Marquess  of,  P.R.S. 

ampton 

i.  Oersted,  Jens  Christian, 

Plaster  bust   . . 

Bissen,  of  Copen- 

Miss Harmer 

1864 

For.  Mem.  R.S. 

hagen 

1.  Oldenburg,        Henry, 

Oil  painting   . . 

J.  yan  Cleef 

Purchased 

Sec.  ».S. 

S.  Paget,  Sir  James,  Bart., 

Steel  engraving 

T.  0.  Barlow,  R.  A., 

T.  0.  Barlow,  Esq. 

1875 

P.B.S. 

after  J.  £.  MU- 
lais,  R.A. 

S.  Pftget,  Thomas,  D.D.. . 

Ditto   .. 

Mary  Beale  (?) 

• 

7.  Peacock,  Q-eorge,  Dean 

Oil  painting    . . 

D.  Y.  Blakiston  . . 

A    Committee    of 

1860 

of  Ely,  F.R.S. 

Subscribers 

5.  Pepys,  Samuel,  P.E.8. 

Ditto    .  •          . . 

Sir  Q-.  Eneller     . . 

S.  Pepys,  Esq. 

9.  Pirogoff, .. 

Photograph 

}.  Price,  Richard,  D.D., 

Oil  painting   . . 

B.  West,  P.R.A. . . 

Bequeathed  by  A. 

1876 

F.R.S. 

Morgan,      Esq., 
F.R.S. 

I.  Priestley,          Joseph, 

Photograph 

•  • 

Sir  C.  Wheatstone, 

1876 

F.R.S. 

(from  a  por- 
trait) 

F.R.S. 

Z,  Pringle,      Sir     John, 

Oil  painting   . . 

Sir    J.     Reynolds, 

Sir  J.  Pringle 

1777 

F.RS. 

P.R.A. 

1.  Ramsden,  Jesse,  F.R.S. 

Ditto   .. 

R.  Home  •  • 

Sir  E.  Home,  Bart. 

1850 

iu  Rennell,  James,  Major, 

Wax  relief     . . 

—  Hagbolt 

Sir  J.  D.  Hooker, 

1890 

F.R.S. 

F.R.S. 

S.          Ditto 

Porcelain    me- 
dallion 

$.  Ronalds,  Sir  Francis, 

Plaster  bust    . . 

E.  Dayis   . . 

S.  Carter,  Esq.     . . 

1871 

F.R.S. 

r.  Ross,  Sir  James  Clark, 

Lithograph     . . 

After  Ncgelen 

Lieut.-Col.  Sabine 

1846 

R.N.,  F.RS. 

).  Rosse,    William    Par- 

Oil painting    . . 

J.  Catterson  Smith 

Earl  of  Rosse 

1860 

sons,  FArl  of,  F.R.S. 

).  Sabine,    General    Sir 

Ditto   . . 

S.  Pearco  . . 

Mrs.  Sabine          . .    1866 

Edward,  P.R.S. 

1 

).          Ditto 

Marble  bust    . . 

J.  Durham 

P.  J.  Gassiot,  Esq., 
F.R.S. 

1860 

I.  Schelh'ng,     Friedrich 

Lithograph     . . 

•  • 

T.  Handley,  Esq.. . 

1846 

W.  J.  Ton 

S.  Schumacher,  Heinrich 

Oil  painting   . . 

H.  Wolf   .. 

H.  Wolf,  Esq. 

Christian,  For.  Mem. 

R.S. 

*  Inciudod  in  a  list  printed  in  1^1^, 
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Appendix. 


Subject. 

Description. 

Painter,  Engraver, 
or  Sculptor. 

1 
Donor. 

ofgML 

143.  Sedgwick,  Bct.  Adam, 

Mezzotinto  en- 

S.   Cousins,    after 

Sir  C.  Wheirivtoiie, . 

\m 

F.R.S. 

graving 

T.  PhiUips,  R.A. 
SirO.  Kneller     .. 

P.R.8. 

144.  Sloane,      Sir      Hans, 

Oil  painting    . . 

Sir  Hans  Sloane 

Bart.,  P.R.S. 

145.  SmeatoD,  John,  F.E.S. 

Ditto   .. 

Mather  Brown     . . 

A.    Aubert,    Esq.,;    * 
F.R.S. 

146.          Ditto 

Ditto  .. 

J.  Richardson 

Ditto         ..         ..      • 

147.  Smith,    Homy    Jolin 

Marble  bust    . . 

J.  E.  Boehm,  R.A. 

A    Committee    of    18BS 

Stephen,  F.R.S. 

(a  Replica) 

Subscribers 

148.  Somen,    John,    Lord 

Oil  painting   . . 

Sir  G-.  Kneller     . . 

Sir  J.  JekyU 

Chancellor,  P.B.S. 

148.  Somernlle,  Mrs. 

Marble  bust  . . 

Sir    P.    Chantrey, 

H.R.H.theDakeof  18lt 

R.A. 

Sussex  and  other  i 
subscribers 

150.  Southwell,  Sir  Robert, 

Oil  pauiiing   . . 

Sir  G-.  Elneller     . . 

Sir  R.  Southwell 

P.R.S. 

; 

151.  Spelman,  Sir  Henry  . . 

Ditto  .. 

D.  Mytens 

1 

1 

162.  Spottiswoode,  William, 
P.R.S. 

Oil  painting   . . 

Hon.  J.  Collier    . . 

1 

A    Committee    of 

Subscribers         i 

158.  Spratt,  Thomas,  Bishop 

Wood   engrav- 

M. V.  Gucht,  after 

Dr.EldndgeSpntti  1880  , 

of  Rochester,  F.R.S. 

ing 

Sir  P.  Lely 

1 

154.  Stephenson,      Robert, 
F.R.S. 

Steel  engraving 

P.  Holl,  after  G. 

Institution  of  Civil 

1861 

Richmond 

Engineers 

155.  Stokes,     Sir     G«orge 

Oil  painting   . . 

H.  Herkomer,  R.A. 

Fellows     of     the 

1891 

Gabriel,  Bart.,  P.R.S. 

Royal  Society 

156.  Sturui,  John  Christo- 

Ditto  .. 

Ilevman  DuUaert 

T.      ilaak,     Esq., 

pher 

- 

F.R.S. 

1 

157.  Sussex,    H.R.H.    the 

Ditto    .. 

T.  Phillips,  R.A. . . 

Tlie  Duke  of  Sus-  \         i 

Duke  of,  P.R.S. 

sex                         i 

158.  Tavlor,     Brook,     Sec. 

Ditto    .. 

A.  Ramsay 

Sir      W.     Younp,' 

R.S. 

Bart.,  F.R.S.                ! 

159.          Ditto 

AutotyiK*,  after 

•  • 

Prof.  A.  G.  Green-    1889  i 

an      original 

hill,  F.R.S. 

l)ictureintbe 

1 

1 

])ossession  of 

! 

Lady  Young 

1 

160.  Yiviani,        Yincentio, 

Oil  painting    . . 

•  • 

Dr.  Wilson           . .    18S3 

For.  Mem.  R.S. 

1 

161.  Waller,  Ricliard,  See. 
R.S. 

Ditto   .. 

T.  Murray 

R.  Waller,  Esq.  . .    1711 

162.  Waliis,    John,     D.D., 

Ditto   .. 

G^.  Soest    . . 

Mrs.  VVallis 

F.R.S. 

163.  Watson,  Sir  William, 

Ditto   .. 

I..  F.  Abbot 

Sir  W.  Watson 

M.D.,  F.R.S. 

i 

164.  AVatt,  James,  F.R.S.  . . 

Marble  bust    . . 

J.  Hoffennan,  after 
Sir  F.  Chantrev, 
R.A. 

—  Watt,  Esq.      . .  i  1*43  ; 

t 

165.  Wheatstone,             Sir 

Oil  painting    . . 

C.  Martin . . 

Sir  C.  Wheatstone     lS7t) 

Charles,  F.R.S. 

166.  Wilkins,  John,  Bishop 

Ditto   .. 

Mary  Beale 

• 

of  Chester,  See.  R.S. 

* 

167.  Williamson,              Sir 

Ditto    .. 

Sir  G.  Kneller     .. 

Sir  J.  Williamson 

Joseph,  P.R.S. 

»  Included  \tv  «i\\%V,  \\T«v.\«ii.'\\i  Y^'i^. 
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Subject. 


B.  WollaBton,  William 
Hyde,  M.D.,  P.B.S. 

9.  Wopceater,  Edward 
Somerset,  2nd  Mar- 
quess of 

0.  Wren,  Sir  Christopher, 

P.R.8. 

1.  Young,  Thomas,  M.D., 

Jr.iv.9. 


Description.     ■  ^'^!*^„te^'"-'  i  Donor. 


or  Sculptor. 


i  I 


Oil  painting   . . :  J.  Jackson,  B.A. . .  I  Family      of     Dr. 

""  )11 


Steel  engraving  |  W.  Faithome 


Oil  painting    . . 
Ditto  .. 


Sir  P.  Lelv 
(PSira.Knellep) 

H.  P.  Briggs,  R.  A., 
after  Sir  T.  Law- 
rence, P.R.A. 


I 


*  Included  in  a  list  printed  in  1834. 


Wollaston 
H.  Dircks,  Esq.   . . 

S.  Wren,  Esq. 

Hudson     Gumey, 
Esq. 


1864 

1842 


M18OELLAKEOU8. 


Subject. 


Representing  a  Deputa- 
tion from  the  Ck)uncil 
of  the  Royal  Society 
consisting  of  the  Pre- 
sident (^rd  Wrottes- 
linr),  Mr.  Grove,  and 
Mr.  Gassiot  to  Mr. 
Faittday  to  ui*ge  him 
to  accept  the  Presi- 
dentship, May,  1857 

Manor  House,  Wools- 
thorpe,  the  birthplace 
of  Sir  Isaac  Newton 

Ditto,  from  another 
point  of  yiew 

Vfllage  Church,  Wools- 
thorpe 

The  President,  Trea- 
surer, the  two  Honor- 
ary and  Assistant  Sec- 
retaries of  the  Royal 
Society 

Corona  *  of  the  Sun, 
Eclijpse  of  1883 

The  Moon 

Eruption  of  Krakatoa, 
MAy,  1883 


Description. 


Painter,  Engraver, 
or  Sculptor. 


Donor. 


Oil  painting 


E.  Armitage,  R.A.     J.  P.  Gassiot,  Esq. 

F.R.S. 


Ditto   .. 


Ditto  .. 


Ditto    .  •         . . , 

I 

Photograph        ' 

i 


Original  pencil 
sketches 

Enlarged  pho- 
tograph 

Coloured  sketch 
after  a  photo- 
graph taken 
during  the 
eruption 


W.  H.  Wesley 


Date 
of  gift. 


1873 


I  Rev.    C.    Tiimor, 

F.R.S. 
I 

I  Rev.    C.    Tumor, 
I      F.R.S. 
Rev.     C.    Tumor,  > 
j.Kt.S. 


W.     H.    Wesley, 

Esq. 
W.DelaRue,Esq., 

F.R.S. 
The  Krakatoa  Com-  I 

mittee    of     the  ! 

Royal  Society 


1864 


a  addition  to  the  series  of  framed  engraved  portraits,  the  Royal  Society  possesses  a  large 
sction  arranged  in  portfolios ;  and  a  number  of  photographs  ol  ¥eWs>^«. 
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CATALOGUE  OF  THE  MEDAIS  IN  THE  POSSESSM 

OF  THE  ROYAL  SOCIETY. 


*«*  The  sizes  of  the  Medals  described  in  the  Catalogue  are  giren  in  inches  and 

decimals. 

1.  Amsterdam.      Koninklijke  Akademie  van  WetenschappeiL 

Medal  founded  by  M.  Hoeufft,  1837,  a  gold  example  of  which  is 
awarded  annually  for  a  Latin  poem.  Poetry,  holding  in  one 
hand  a  lyre,  with  the  other  places  a  laurel  wreath  upon  the  head 
of  a  poet  who  holds  a  scroll  on  which  is  inscribed  certahina 
POETiCA.  Both  are  standing.  Legend,  certamina  poeseos 
LATiNAE.  Exergue,  j.  p.  mekger.  p. 
Reverse.  Within  a  laurel  wreath,  aoademia  regia  disciplixarvv 
NEDERLANDiCA.     Exergue,     legato  IACOBI  henrici  hoeyfft.- 

2-96.    M. 

2.  Baglivi^  Oiorgio,  F.R.S.    Bust  of  Baglivi,  r.,  hair  early,  in  plam 

falling  collar,  doublet  buttoned,  and  cloak.     Leg.     g.  baglivus. 

MED    .    IN  .    ROM  .  ARCHIL    .    P  .  ET   .    SOC    .    REG    .    LOXD  .   COLL. 

Behind  s  .  v. 
Rev,     A  tripod  encircled  by  a  .snake,  between  a  mortar,  retort  and 
other  implements  of  medicine,  i&c.     Leg.     vnam  .  facikmvs  . 

VTRAMQVK.      Ex.      MDCCIIII.  1*55.      X.. 

3.  Balyj    William.      Bust  of    Baly,   /.,   almost  facing,   open  shirt. 

Leg.      IN     IIONOREM    GULIELMI     BALY    M.D.    OB*^'.     1861.       BeloW, 
J.  S.  WYON  SC. 

Rev.     Representation   of    the   facade  of  the    Ro^^al    College    of 
Physicians.      Inscribed   around,   on   pinsiOLOciiAM   felicitek 

EXCULTAM.       J^r^low,    SIR    R.    SMIRKE    R.A.    ARC  11^  ;    J.    S.    &    A.   B. 
WYON    SC.      Ex.      COLL  .    REG   .   MED   .   LOND.  2*28.      £. 

4.  Batavia.      Bataviaasch    Genootschap    van    Kunsten     en 

Wetenschappen.    Medal  struck  in  celebration  of  the  centenary 
of  the  Society,  1778-1878.     Within  a  wreath  of  tropical  tlowers, 

SOCIKTAS  .  ART  .  SCIKNT  .  BAT    .   IN  .   MEMORIAM  .  I  .  SAEC  .  FEL  . 

CLAVSi  .    Below  wreath,  cii  .  wiener  .  brcxellks.     Inscril)eil 
within    a    border,    a   .    d   .    viii   .   k  .    mai  ;     mdcclxxviii- 

MDCCCLXXVIII. 

Rev.     A  cocoa-nut  tree  (Cocas  nucijera^   Linn.)  with   outlines  of 
Java  mountains  behind,  and  inscribed  within  a  border,  the  motto, 

TEN    NUTTK   V'AN  't  GEMEEN  .  BATAVIA's  GKNOOTSCIIAP. 

2-89.     X.. 

i).  Becquerel,  Antoine  C6sar,  For.  Mem.  R.S.    Head  of  Bec:]uerel. 
/.,  bare,  lialv  s\\ot\.     Leg.    antoine  cesar  becquerel  membrk 

l'aCAD^MIE  l)Ki5  SCIVL^CY.*.      ^^\o\N,  bAA-\\Y.Y.  \i\:.^vi\^. 
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Eev.    Spaced  on  the  field,  offert  le  13  AVRn.  1874  X  l'illustre 

DOTEN  DES  PHT8ICIENS  PAR  SES  CONFRERES  PAR  8ES  AMIS  £T 
PAR   SES   ADMIRATEURS.  2*0.      iB. 

6.  Benedeiiy  Pierre  J.  van.  For.  Mem.  R.  8.     Arms  of  the  Uni- 
versity of  Louvain  with  crest  and  supporters,  and  the  motto, 

IN   FIDE    CONSTANS.       BeloW,   J.    WIENER. 

Bev.    Inscription  spaced  on  the  field,  civi  svo  prsclaro  p.  j. 

VAN  BENEDEN  PER  ANNOS  XL  .  IN  UNIV  .  LOVAN  .  DOCENTI 
8CIENTIIS  NATURALIBUS  DOCTI88IMO  CIVITAS  MECHLINIENSIS 
DEDICAVIT    A^-   MDCCCLXXVII.  1*98.      -«. 

7. Head  of  Van  Beneden, 

L,  hair  long,  bearded.     Below,  ed  .  geerts  .  f. 
Rev,    Above,  branches  of  laurel  and  palm  intertwined  with  scroll 
inscribed  pal^ontologia  .  anatomia  .  zoologia.    Inscription 

below,  VIRO  DOCTISSIMO  ET  CELEBERROIO  P.  J.  VAN  BENEDEN 
PER  DECEM  JAM  LUSTRA  IN  UNIVERSITATE  CATHOLICA  LOVANIENSI 
PROFESSORI  .  MDCCCXXXVI-MDCCCLXXXVL  2*18.      JE, 

8.  Berzelinsy  Jons  Jakob,  For.  Mem.  R.S.    Bust  of  Berzelius,  r., 

hair  short,  bare.   Leg,   jacobus  berzelius  .  nat  .  mdcclxxix  . 

DEN  .  MDCCCXLVIII. 

Eev,     Inscribed  around,  aperit  aenigmata  condita  lustrat; 
right    and  left,  c  .  g  .  ovarnstrom  .  inv.  p  .  h  .    lundgren 

FEC.  Ex,  socio  LONGE  NOBILISSIMO  per  ANNOS  XXX  SECRETARIO 
ACAD  .  REG  .    SCIENT   .   SVEC.  2*22.      JR. 

Bigsby,  John  Jeremiah,  F.R.S.    See  London,  Geological  Society. 
Blacky  Joseph.    See  Glasgow,  University. 

9.  Brahe,  Tycho.     Bust  of  Brahe,  r.,  hair  short,  in  richly  embroidered 

doublet  and  mantle;  round  the  neck  a  chain,  to  which  a 
medallion  portrait  is  attached.     Leg.     tycho  brah^.    Below, 

ROGAT  .  F. 

Rev,      Inscription,  spaced  on  the  field,  natus  elsinburghi  in 

SCANIA  AN  .  M.D.XLV  .  OBIIT  AN  .  M.DC.I.  8KBIB8  KUMI8HATICA 
UiriTBBSALIS    TIBOBUH    ILLUSTBIUH.       M.D.CGC.XXV.      DI7BAND  EDIDIT. 

1-64.       JE. 

10.  Brossels.   Acad^mie  Royale  des  Sciences  et  Belles-Lettres. 

Medal  celebrating  the  100th  anniversary  of  the  foundation  of 
the  Academy  by  the  Empress  Maria  Theresia.  Bust  of  Maria 
Theresia,  /.,  hair  in  short  curls,  wearing  bandeau  decorated  with 
pearls,  drapery  falling  from  the  head,  fastened  at  the  breast 
with  brooch ;  in  low  richly  embroidered  gown,  and  mantle 
fastened  with    jewel   on  the  shoulder.      I^g,      imp.    maria 

THERESIA   .    ACAD   .    CONDIT.        BcloW,  B  D  U  V. 

Rev,     Inscription,  spaced  on  the  field,   academia    scient  .  lit  . 

ET  .  ART  .  BELGICA  AB  .  AVG  .  IMP  .  MARIA  .  THERESIA 
ANNO  .  MDCCLXXII  .  INSTITVTA  A  .  GVILIELMO  .  I  .  REGE  . 
AVGVSTO  ANNO  .  MDCCCXVI  .  RESTITVTA  A  .  LEOPOLDO  .  I  . 
REGE  .  AVG  .  ANNO  .  MDCCCXLV  .  AVCTA  FESTA  .  SAECVLARIA  . 
AGIT      ANNO   .   MDCCCLXXIL  2*0.      JE, 

11.  Christiaziia.    K.  Norske  Frederlka  Unrreiraiti^\».    ^(^VOc^vsv  \w 


Sins  * '  *  Catahgu^ef  A$  Mtdtth  ui  lli 

laurel  wreath    the    inacripticm    ACADEtoAjB    weua    nmmr. 

FRIDSSIOIAKAX        SACRA        SBinSBCULABIA      J>  \     U      OEPTBE  . 
XI>OCOLXI. 

Bev.  Inscribed  around,  bz  haustu  o^ltxpioo  TAUomoB.  Es. 
0  •  LOOS     ]>  .  XCnXBICH    V.  1*G7.     qhi.t. 

12.  [OhriBtiania.]  K.  NoYBke  Frederiks  UniTandlal.  Medal 
founded  1872,  on  the  occasion  of  the  celebraticm  <if  tlieunkNi 
of  Norway  as  one  Kingdom  one  thousand  years  prior.  A  female 
figure  representing  Norway  is  seated  to  /.,  heln^ted,  Jiair  kms^; 
in  right  hand  a  spear,  the  left  rests  on  the  Norwegian  ahicU. 
A  mantle  fastened  at  the  throat  with  a  brooch  is  thrown  bade; 
disclosing  a  test  of  mail  with  waistbelt.  Alongride  the  shield 
a  stone,  inscribed  u[ujm'}  amni.  Iaq.  ixxpori  stfssstbs. 
Ex.    xDOCCLxxn.    JBelowi  man>vLrBanx  •  mv  :  ooiniA]>8iir  • 

SCULP. 

Bev,     Within    an    olive   wreath,    bbgni     nobwoici     axkvx 

IIILLBSIMTM  PIA  0BLBB]|AT  VNIYSRSITAS  BB&IA .  VSBDBRI- 
OLILNA.  2-08.     JL 

18. X.  Norske  Frederiks  trxdverattot    Medal 

founded  1878,  on  tiie  occasion  of  the  crowning  of  King  Oscar  EL 
Busts  conjoined,  r.,  of  Oscar  IL  of  Sweden  and  Norwi^,  and 
Sophia  his  Queen,  botii  crowned.  He  wears  a  mantte  fastened 
with  a  pin;  she,  a  necklace.    Leg,    oscab  n  bt  sopsia  bob. 

SUBC.  BBX   BT  BBOIKA   MDCCCLXXni.     On  truncatiou,  Q^  •  LOOS 

ix    On  the  rim,  w  .  kullbich   f. 
Eev.    Clio,  seated,  holding  a  scroll  and  pen.     Around,  an  olive 
wreath.     Leg,     vetat  mori.    Below,  u  .  r  .  f  .     [Universitas 
Regia  Fredericiana.]    On  the  rim,  e.  weigand  fec.     1*68.    £, 

14. K.  Norske  Frederiks  Universitet.    Busts 

conjoined,  r.,  of  Charles  XV.  of  Sweden  and  Norway,  and  Ix>uisa 
his  Queen,  both  crowned.  He  wears  a  mantle  fastened^th  a 
pin ;  she,  a  necklace.  Leg.  carolus  et  louisa  norv:  stec. 
REX     FT     REGiNA.      Below,     G  .  LOOS     DiR.      On  the  rim, 

SCHNITZSPANN     FEC. 

Eev.  The  goddess  Athena,  standing"  to  r.,  reading  a  scroll ;  on  her 
breast  the  head  of  Medusa.  To  the  right  of  the  figure  an  owl 
flying  to  front.    Inscription,  within  a  border,  vovens  et  memok. 

UNIVERSITAS    REGIA   FREDERICIANA.  1-68.      £. 

Clarke,  Rev.  William  Branwhite,  F.R.S.  See  Sydney,  Royal 
Society  of  New  South  Wales. 

15.  Combe,  Taylor,  F.R.S.     Head  of   Combe,  /.,  bare,  hair  short. 
On  tnincation,  w.  j.  taylor  .  f.    Below,  pistrucci  d. 
Eev.      Within  a   laurel   wreath  the  inscription,  taylor    combe 

M.A.  SEC  .  ROY  .  SOC  .  DIRECT  .  80C  .  ANT  .  KEEPER  OF 
COINS    &    ANTIQUITIES     BRITISH    MUSEUM    DIED     1826    AGED   52. 

1  "78.      A. 

Mr.  Combe  was  Secretary  of  the  Royal  Society  1812-24. 
Pistrucci*s  original  plaster  model  for  this  medal  was  presented  to 
the  British  Museum  by  Dr.  John  Gray,  F.R.S. 

16.  Conduit,  Jolm,  F.^..^.    lixxB^t  ol  ^w\^\s:\\.  t,^  hair  short,  neck 
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bare,  in  mantle,  fastened  with  brooch  on  the  shoulder.     Leg, 

lOHAKNES     CONDUITT  .   REI  .  MONET  :   PIL£F  :      BoloW,  TANNER  . 
LONDINI   .   F. 

Eev,  Truth  introduces  Oouduit  to  Hampden  holding  a  staff 
surmounted  by  a  cap  of  Liberty,  a  stork  at  his  feet,  and  to 
Newton,  seated,  resting  his  hand  on  a  slab,  on  which  is  a 
diagram  of  the  planetary  system.     Leg,    memobes    feoere  ' 

MERENDO.        Ex,       M.DCC.XXXVn.  2"26.       JE. 

Conduit  succeeded  Sir  Isaac  Newton,  who  was  his  imcle  by 
marriage,  as  Master  of  the  Mint. 

17.  Copenhagen.    Universitet.    Medal  struck  in  celebration  of  the 

400th  anniversary.  Busts  conjoined,  r.,  of  Christian  I.  (founder) 
and  Christian  IX.,  the  one  wearing  a  cap  and  falling  collar, 
the  other  bare.  Leg,  christianvs  i  .  christulnys  ix  . 
HDGCCLXxix.  On  truncation,  h.  conradsen. 
Rev,  Deimiark  seated,  il,  laureate,  and  clad  in  loose  draperies, 
clasps  the  extended  hand  of  the  goddess  Athena  standing,  who 
holds  .  an  owl,  on  her  breast  the  head  of  Medusa.  The 
left  hand  of  Denmark  rests  upon  the  Danish  shield  (three 
crowned  lions,  and  nine  hearts).  Inscription,  qtattvor 
exeoit  sperat   nova  saecvla  tivax.     Ex,     VNrvERsrrAS 

HAVNIENSIS.  1*86.      M, 

18.  Copernicus,  Nicholas.     Bust  of  Copernicus,  /.,  hair  long,  in 

coat  and  fur  vest     Leg,     nicolaus    Copernicus.      Below, 
petit  f. 
Rev,    Inscription,  spaced  on  the  face,  natus  torunh  nr  Prussia 

AN.M.CCCC.LXXIII     .    OBIIT      AN.1LD.XLUI.        SBBIB8     HXTKISMATIOA 
UKIYBBSALia    TIEOEUM  ILLUSTSIUH.    MJ)CCC.XVni.    DI7BAND     BDIDIT. 

1'6.      M, 

Oopley  Medal.    See  London,  Boyal  Society. 

19.  Czuczor,  Qergely,  and  J&nos  Fogarasi.     Busts  conjoined,  L, 

hair  short,  both  bare.     Leg,     czuczoR    oergelt    fooarasi 

JANOS.      Below,   C.  RADNITZKT. 

Rev,      Inscription,   a   maotar   nyelv    sz6tXra  bef^jez^si^nek 

JSML&KX&L   A    MAOTAR    TUDOMAnYOS    AKADEMIA    MDCCCLXXIV. 

1'68.      GILT. 

This  medal  was  struck  in  commemoration  of  the  completion  of 
their  great  dictionary  of  the  Hungarian  language. 

20.  Darwin,  Charles,  F.R.8.     Medallic  Portrait    Cast.    Bust  of 

Darwin,  /.,  hair  and  beard  long,  crown  of  head   bare.    Leg. 
On   sunk    band,    charles    darwin    1881.      Below,  a  .  l  . 
[A.  Legros.] 
Rev.    Plain.  4*5.    m. 

Darwin  Medal.    See  London,  Royal  Society. 

Davy  Medal.    See  London,  Royal  Society. 

21..  Descartes,  Ren6.     Bust  of  Descartes,  r.,  hair  long,  in  plain 
falling   collar    and    closely    buttoned   doublet.     Leg,     renk 

DESCARTES.      BeloW,   GALLE    F. 

Rev.     Inaaription,    spaced    on   the   iacfe^  "»i.    k  \*^  i^^x^  "bs. 


5M  CMaogu$tf^Msiakmik$ 

TOUBAXm  XMT   1LD.Z0TL  MOBV  VK  MJMMn   MiSaUir  -it«i*>>iMym 

DM  «»unMi  BonacMi  imAv^yui. « 16I9.  !*&    a 

M,  Popottrtir.  BjOittimDJbanl  WocMf.  Bosl  <tf  IiiuiMM»  i^  ludr 
fllioit|in  ?ertftiid  cnvati  wiA bxiee  maiitto.  On  tiwlmtila 
fprig  of  Idnmaa  b&realU.  L&g.  jimoABram  aoirrii«iJunnuL 
iOdBTT,  i$85.  CAB0£U8  ]:.iinrAX08.  Bdowbosti  x  b. 
Jtai.  Witidn  a  wrealh  of  flkmers,  liie  arms  aiid  crai^  of  Doa- 
caster.  t^l.    m. 

St*  I>oiide»i  VnuEii  Oonidi%  Voir.  Mtm.  B  Jk  Madal  atnok  in 
hoDoar  of  his  Jululee.  o^hwtod  «!  Utrecbt  m  1888.  Hmd  of 
DondiBrft  !*«,  bavBi  hair  riion**  jCiy;  vuvoiaovB  cokMekxw^ 
DomiBBi.  ]> .  zxTB  ibuDi  ▲  •  ii])oocj:Tm-]iiKXxn;izaaDr^ 
Balow  tmnoaAknii  i^  jOxobe  •  ih  j*  p*  v.  urqsb  •  r« 
iB0ir.  WitiUn  am  oihre  wntMkf  pb*  tabias  «nT98  itXTsnoa 
BATATi  ApiuBAROfln  JTif«3u  btorfbed  aioi&id,  nr  Mnibpujf 
jDKin  i|iro  oomoiTvic  fivm  oobptb  opsii^a'  xoaim  niaiNHnL 
Bdow,  ir.  flCHAMiDiii.    f.  2^<•   jc 

Si.  BdUbordh.  Bofal  Soel0^.  The KeOii Friae HedaL  Boalof 
Jidm  Ni^Hor  <rf  MercliiafeoiL(tibe  inTOiitor  of  logaridiiiia),  I^  hair 
loogi  in  mff  and  doae-fitliiig  doaUet  Leg»  lOJjrxaa  wumam 
IMS  imoBiflnow.  Bdbw,  o.  v.  oabivb  aouLF. 
Sev.  Within  a  hural  wrettUiy  JXQwm  vKuamm  mxamm 
nLaooDK  XBRHiMnnu   Lm*    boo  .mi»twsa»ijaManaA.vn. 

Evans,  John,  F.R.8.    See  London,  Nnmismatic  Society. 
Fogarasi,  J.    See  Czuczor  and  Fogarasi. 

25.  Folkea,  Martin,  P.R.8.    Bust  of  Folkes,  r.,  hair  short,  cap  on 

head,  m  loose  robe.    Leg.     mabtinus  folkes  abh^    Below, 

JA.    .  ANT   .   DASSIER. 

Eev.     Within  an  ornamental  compartment,  societatis  regalis 

LONDIKI   SODALIS  .  M.D0C.XL.  2*15.      iC 

Folkes  was  President  of  the  Royal  Society  for  11  years,  having 
been  elected  in  1741. 

26.  Freind,  John,  F.R.S.    Bust  of  Freind,  /.,  hair  long,  no  drapery. 

fjeg.      lOANKES   .  FBEIND  .  COLL  .  HED  .  LOKD  •  ET  .  REG  •  S  •  8  . 

On  truncation,  s  v. 
Eev.    An  ancient  and  a  modem  physician  meeting  and  grasping 
right  hands ;  between  them,  on  the  ground,  are  herte,  book, 
crucible,  &c.     Leg,    medicina  .  vetvs  .  et  .  nova.    Ex.    vnam 

FACIMVS  VTRAMQVE.  2*26.      JE. 

27.  Qalileo  Galilei.    Bust  of  Galileo,  r.,  hair  short,  bearded,  wearing 

ruff  and  doublet.  Leg.  galil^us  galiljEI.  Below,  gayrard  f. 
Rev,    Inscription,  spaced  on   the  field,  natus  pisis  in  italli  . 

AN    .    M.D.LXIV    .     OBHT    AN    .     M.DC.XLU.        BBBIB8     inJlOSMATlCA 
UnYBBSALIS  TIB0B171C  XLLUflTRnTH.       M.DCCC.XVUI.       DUSAKD  KDIDIT. 

1-6.    M. 

28.  Gauss^  Carl   Frledrlch,  For.  Mem.  R.S.     Bust  of  Gauss, 

r.,  bare,  hair  long.    Leg.    CkB.o\*N^  i^^axxi^^KL^x^  qavss  .  nat  . 


I 
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MDCCLXXVII   APR   .   XXX   OB   .   MDCCCLV   FEB   .   XXIII.       BeloW, 
BRBHMER   .   F. 

Eev,  Within  an  ivy  wreath,  georgivs  v  rex  hannoverab 
MATHEMATicoRVM  PRiNCiPi.  Inscribed  around,  academiab 
8VAE  georgiae  avgvstae  decori  aeterno.  Below  wreath, 
a  star.  2*75.    jel 

29.  [QatiBS,  Carl  Friedrich.]    Another  copy.  2-75.    m. 

30.  Qlasgow.    University.    Bast  of  Joseph  Black,  /.,  hair  long,  and 

tied    behind,  in    coat    and    cravat     Leg^    josephus    black 
MDCCxxiii .  MDCOxcix.    On  truncation,  n.  macphail  .  sc. 
Rev,    Inscription,  spaced  on  the  field,  in  academ  .  glasguens 

FACULTATB  MEDICA  DI8CIPULU8  INGENIO  AC  LAHORE  INSIGNIS 
PRCEMIUM    HOCCE    MERITO    CONSECUTUS    EST.  2*76.      M, 

A  medical  class  medal  of  the  University  of  Glasgow,  where 
Dr.  Black  had  been  a  professor. 

31.  Qray,  John  Edward,  F.R.S.,  and  Maria  E.  Gray.    Busts 

conjoined,  r.,  of  Gray  and  Mrs.  Gray.    He,  bare,  hair  short;  she 
wears  cap  and  dress  with  ribbon  round  the  neck.    Behind  busts, 
in  the  field,  i.e.  S  m  .  e  .  gray.     Below,  g.  g.  adams  .  sc. 
1863. 
Eev,     Within  an  olive  wreath,  trust  in   the   lord   and  do 

GOOD.  2*26.     M, 

32.  Haidinger,  Wilhelm,  For.  Mem.  R.8.    Head  of  Haidinger,  r., 

hair  short.    Leg.    wilhelm  haidinger.    Below,  x.  lange. 
Mev,     In  relief,  the  Eastern  hemisphere,  around  which  are  the 
signs  of  the  zodiac.     Leg,     Inscribed  within  a  border,  nib 

BRMX^DET  8TILLE   8TEHEN  .  MDCCCLVI.  2*52.      JR. 

33.  Halley,    Edmund,    F.R.S.     Bust  of  Halley,  r.,  hair  long,  in 

loose  mantle  trimmed  with  fur.    Leg.    edmundus  halley  . 

A   .  DASSIER   .  F. 

Rev.  Within  an  ornamental  border,  at  the  top  part  a  festoon  of 
flowers   under  a  winged    cherub,  astronomus  regis  magn^ 

BRITANNIiB.      MDCCXLIV.  2*15.      M. 

Halley  was  Secretary  of  the  Royal  Society,  1713-21. 

34.  Hansteen,  Christopher,  For.  Mem.  R.S.    Bust  of  Hansteen, 

l^  bare,  hair  short.    Leg.    christophoro  hansteen.    Below, 
B.  bergslien.    f. 
Rev,    Within  a  wreath  of  oak  and  olive,  the  inscription,  splendet 
IN  ORBE  DECus;   above,  a  star.     Inscribed  around,  solennia 

SEMISECULARIA  GRATULATUR   .   UNIV   :   REG   :    FRED  :  MDCCCLVI. 

I'd.        jE. 

35.  Heidelberg.  Universitat.  *  Medal  in  celebration  of  the  500th 

anniversary  of  the  University.  Bust  of  Frederick  of  Baden, 
Protector  of  the  University,  /.,  bearded,  in  uniform,  with 
decoration,    and    loose    mantle    trimmed   with    ermine.     Leg. 

FRIDERICVS  .  D  .  G  .  BADARVM  .  M  .  DVX  .  RECTOR  .  HEID  . 
PERP.      Below,  SCHWENZER. 

Rev,    The  Genius  of  Heidelberg  standing  and  facing,  her  hands 
resting,  on  either  side,  on  oval  panel^^  b^arc\\i^^  cj^  \^\.^  '^^ 
bust  of  the  Elector    Rupert,  r.,  iovxii^<bT    ol  \Xi^  \^w^^\^«is^  ^ 
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1356  j  on  right,  bust  of  the  Elector  Charles  Frederick,  /., 
who  reconstituted  the  same  in  1803.  Jewelled  scrolls  cnrried 
from  the  base  of  each  panel  termiDate  -with  a  laiu^l  and 
palm  branch.  The  central  figure  has  long  flowing  bair,  uid 
wears  loose  drapery  which  leaves  the  arms  bare ;  in  left 
hand   a  laurel   branch ;    her    feet  iu   sandals ;    at  the   girdle 

tof  her  waist  the  arms  of  Baden.  In  the  distance,  in  low  relief, 
the  Castle  of  Heidelberg.  Lej/.  Inscribed  within  a  border, 
VNIVEKSITAS    .    HEIDEI.BERCiEKSIS   .    \    .    RVPERTO  .  CONDITA  .  X  . 

CAROLO  .  FRiDKiiico  .  INSTAVRATA.  In  tho  exerguB,  on  a 
scrolled  panel,  saecvt.vm  .  sextvm  .  piu  ,  atspicatve  ,  a  .  d  . 
MDCCCLXxxvi.     Below,  n  .  gotz  inv.  ;    h  .  schwenzee  fkc. 

2-9.  X. 
36.  Him,  OuBtave  Adolphe.  Medal,  rectangular,  struck  in 
1S90,  as  a  tribute  oF  admiration  for  M.  Hirn  and  bis  labonrs. 
Bust  of  Him,  r.,  hair  long,  in  coat,  collar,  and  crarat. 
Upper  leg.  gvbtave  .  adolphe  .  hirn.  Lower  Ug.  ses  . 
cohpatriotes  .  SEH  .  AMIS  .  SEH  .  ADMIRATEVR3.     Behind,  k£ 

AV  .  LOGEI.BACII  ■  XXI  ,  AOVT  .  MD.CCC.XV.  BsloW,  O  .  HOT! 
MDCCCLXXXIX. 

Rev,  Science,  seated,  r.,  watches  the  flames  of  a  fire  burning 
upon  an  antique  and  raised  altar,  symbolical  of  thermo- 
dynamics. Her  hair,  with  bandeau,  gathered  into  a  knot 
behind ;  aha  is  clod  in  loose  drapery,  which  leaves  the  arm.i 
bare ;  in  left  hand  a  .wroil.  At  her  feet  an  oak  garland  and  a 
portfolio,  whilst  a  balance  recalls  the  ufiplipaliniiM  of  M.  Elirn's 
researches  on  vapour.  Behind  her  rise  branches  of  laurel,  &moDg 
which  the  inscription  bciektia,  on  a  band.  In  the  distance 
the  profile  of  the  mountains  of  Logelbacb  with  the  rains  of  the 
"Trois-Chftteauxd'Egulsheimi"  in  the  sky  are  stars,  and  Satoni. 
Leg.    On  a  panel  in  the  right-band  comer,  ahicvb  .  plato 

SBD  .  KAGIS  .  AMIGA   VERITAS.      BeloW,  O.   BOTT. 

2-42  X 1-8.    X. 
U.  Him  died  Jan.  14,  1890,  just  before  the  issue  of  this  medaL 
Howard,  John,  F.Il.8.    Su  London,  Statistical  Society. 
87.  Btune,  Joseph,  F.R.8.    Bust  of  Hmne,  /.,  ahnost  fadng,  hair 
short,  in  coat,  collar,  and  cravat.     Leg.    jos.   hcmx   bsq.   ilp. 

F.R.B.      Below,  T.H.   F, 

Rev.  A  wreath  of  oak  leaves  above,  nndemeatb  which  ioBcnp- 
tion,   OF    crvn,  amd  religioi:s   ubbrtt,  the  vibtcods  akd 

ENUQHTENED  FRIEND;  OF  JUSTICE  AND  KATIONAL  INTEOKITT, 
THE   IHPARTIAL  &.   UNDATINTED  DEIiXKnER.  1*52.      X.. 

S8.  Hunter,  John,  F.R.S.    Bust  of  Hunter,  r.,  bare;   top  of  head, 
bare,  bair  around,  curly.    Leg.     iohahnes  hvhteb.     Below. 

B.    WTOK. 

Rev.  Within  a  laurel  wreath,  the  aimorial  bearings  of  York- 
shire College,  Leeds ;  below,  on  an  ornamental  scroll  the  motto 
KT  AVOEBiTVB   BCiENTiA.    Insciibed  around,  within  a  border, 

COLLEOIVH  .  COUITATVS  .  RBOBACENCIS  and   BCHOLA  MBDIOIN£. 

Rosen  separate  tibe  two  giou.^  Qf  words.  Below  the  shield, 
ALLAX    WTON    8C.  *4.     M. 
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39.  Hunter,  William^  F.R.8.    Bust  of  Hunter, /.,  in  tasselled  cap,  and 

shirt  with  collar  open.     Leg.    gulielmus  humteb  mdccxviu  . 
MDCCLXxxiu.    On  truncation  of  shoulder,  n.  macphail  sc. 
Rev.    Inscription,  spaced  on  the  field,  in  aoadem  .  glasquens  . 

FACULTATE  MEDICA  DI8CIPULU8  INGENIO  AC  LABOBE  INSIGNIS 
PBCEMIUM    HOCCB    MEBITO    C0N8ECUTUS    EST.  2*76.      JS. 

Keith  MedaL    See  Edinburgh,  Royal  Society. 

40.  Lawrence,  Sir  William^  Bart,  F.R.S.    Head  of  Lawrence,  /., 

bare.  Leg,  gulielmus  lawbenoe,  babonettus  .  nat  :  1783  ob  : 
1867.    Below,  a.  b.  wton. 
JRev,     Within  an  olive  wreath,  a  shield  bearing  the  arms  of 
St.  Bartholomew's  Hospital.    Inscribed  around,  within  a  border, 

8.    BABTHOLOILAI   HOSP.    ET    COLL.   INST.    1123.  1*52.      M, 

Lee,  John,  F.R.S.    See  Loudon,  Numismatic  Society. 

41.  LinnflBTi8|  Carolns.    Bust  of  Linnssus,  r.,  hair  long,  in  vest  and 

cravat,  with  mantle  over  the  shoulders.  On  the  breast  of  the 
coat  a  sprig  of  Linncea  horecdis^  and  his  decoration  as  Ejiight  of 
the  Polar  Star.    Leg.    cabolus   linnaeus  aboh  .  beg  .  eqv  . 

AUBATUS.       Below,  UUNGBEBGEB. 

Bev.  C^bele  standing,  murally  crowned,  with  lion  crouching  by 
her  side ;  in  her  left  hand  a  key,  the  right  is  upraised ;  sue  is 
surrounded  by  animals  and  plants,  in  the  distance  are  clouds 
with  flying  birds.  Three  small  butterflies  are  represented  to  the 
left  of  the  figure.     Inscription,  deam  luctus  angit  amissi. 

Ex.  POST  OBITUM  UPSALIAE  D  .  X  .  JAN  •  MDCCLXXVUI  .  BEGB 
JUBENTE.  2*1.      M, 

42.  Locke,  John.    Bust  of  Locke,  /.,  hair  long,  in  shirt  open  at  the 

collar,  and  loose  mantle.    Leg,    joannes  lock.    Below,  jac  . 

BOETTIEBS. 

Rev.    Inscription,  spaced  on  the  face,  mens    habitat  molem  . 

VIBG  .  GEOB  :  M.DCC.LXXiy.  2*1.      JL 

43.  London.    Medal  struck  to  commemorate  the  visit  of  H.M. 

Queen  Victoria  to  the  Corporation  of  London,  Nov.  9, 
1837.  Bust  of  Queen  Victoria,  ^,  bare,  wearing  a  diadem, 
hair  bound  with  fillet  and  gathered  into  a  knot  behind.  Leg. 
viCTOBiA  BEGiNA.  On  truncation,  w.  wyon  .  b.a. 
Rev,  A  representation  of  the  frontage  of  the  GuilcUiaU,  with  the 
Royal  Standard  floating  above.    Exergcd  leg.  only,  in  honoub 

OF     HEB    majesty's    VISIT    TO    THE    COBPOBATION    OF    LONDON 

9"  NOV:  1837.  2*16.    m. 

44.  City  and  Guilds  of  London  Institute.    Siemens 

MedaL  Head  of  Siemens,  /L,  bare,  bearded,  crown  of  head  bare. 
Leg.  SIB  0.  william  Siemens  .  f.b.s  .  d.cl.  in  memobiam  . 
BOBN  1823  .  DIED  1883.    Below  neck,  allan  wton. 

Rev.  Within  an  ivy  wreath,  fob  pboficienct  in  electbigal 
ENGiNEEBiNG.     Inscribed  around,  the  cnr  and  guilds  of 

LONDON  institute  .  CENTBAL  INSTITUTION.  BoloW  WTCath, 
A.  WYON.  2*02.      M. 

45. Geological  Society.    Bigab^  Maia^V  ^^i&\.  ^\  '«^5^^^ 


US 

I 
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Leg.    J.  J.  BiGSBr  m.d,  p.r.s.     biekkiai.  pbize  medal 
>  1876.     Ik-low,  A.  B.  wro.v. 
Reo.     Id  the  centre,  a  represfent-ation  of   an  extinct   speciee  of 
ecbinodei'm    {Ayelacrinites    Dieksoni),    &iicl     inscribed     around. 

AGELACBIMTEH  DICKBONI.      FOUND  .  \%'i%  .   CANADA.      Below,  J. 

B.  &  A,  B.  WTON,      Beyoud,  within  a  border,  awabded  by  the 

QKOLoaiCAt   SOCIKTY  OK    LONDON  FOR  WORK  OF  GKRAT  HBRET. 

1-78.      JR. 

K.  gold  example  of  this  medal  is  awarded  biemuall;  by  the 
Oeotogical  Society  of  Loodon.  The  Royal  Society  possesses 
another  specimeu  of  nearly  similar  desigii  but  larger  type ;  it 
was  stnick  in  bronite,  and  subsequently  discarded  for  the  smaller 

4G.  [London.]    Oeological  Society.   Bigsby  Medal    See  note  above. 

2-52.     ji. 

47.  King's  College.    Siemens  Medal.   Head  of  Siemeus,  J.. 

bearded.  Leg.  cak  .  Gci. .  Siemens  fbaemium  in  abte  mktal- 
LiTRCiicA  D  .  D  .  MDCccLxxxii.    Below  truncation,  J.  s.  &  a.  a. 

WTOK. 

Rei:  The  arms,  crest,  and  supporters  of  King's  College,  London, 
with  inscription  above,  coll;  beg:  losd:  Iu  the  exergue  on 
scrolls,  sanctb  et  bafienteh.     Below,  a  b  .  wyon  .  so. 


i 


■  King's  College.    Todd  Medal.     Buet  of  Todd,  L,  hair 


long,  in  c^jat,  collar,  and  bow  tie.     Le</.     rorebt  bevti.et  todd 

M.D.  K.R.S.     DIED  30  JAN.   1800,      Below,  J.  i*.  M'tm   rtC. 
Jiev.    The  arms,  crest,  and  supporters  of  King's  College,  London, 

with    inscription,    kings    college    londun   .    for    Clinicaj. 

iCBDiciNE.      On  scrolls   beneath  arms,  sanctk  bt  sapientek. 

Betow,  J.  s.  WTON  sc.  3*0.    a. 

~- HnmisiaBtio  Society.     Bust  of   John  Lee,  F.R.S. 

(first  President),  r.,  drapery  on  neck.    Below,  stotbard  .  f. 
Hev.     Spaced   on   the   field,  NumaMATic   society   of   londok 

FOUNDED    DSC*-  XXU    IIDCCCXXXVIU,      JOHN    LBB   LJ.J>    P.B.S : 
F.S.A:   F.B.A.B  PRESIDENT.  1-75.      JL 


Kumismatio  Society.    Jubilee  Medal,  1887. 


of   Jolm  Evans,   F.R.S.,   r.,   hair  short,   in  coat  and   collar. 
Ltg.      lOH  .  EVANS  .  D.C.L.    B.B.s.    PRAE8IDI.      Un    truncation, 

PDCCBES  .  F. 

SIC 

Rev.    Within  an  olive  wreath,  Liscribed  around,  bocibtas 

'    8IC 

c 

NTUISH  .  LOND  .  ANNOS  CONST  .  LI  .  HDCCCLXXXVn.      £-26.      JR. 

Jubilee  Medal.    Another  copy,  2-26.    s. 

Royal  ABtronomlcal  Sooiety.    Medal  of  the  Royal 

Astronomical  Society.  Bunt  of  Newton, '.,  bore ;  behind,  newton 

Ltg,     ROYAL  ASTROHOHICAL   SOCIETY  INST:  HDCCCXX.      BeloW, 

vvBtM  pellbnte  uathesi.     Un  truncatioD,  w.  wyon  .aba. 

lONT. 
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Bev,  Herschel's  telescope.  Leg,  quicquid  nitet  notandum. 
(Id  the  exergue  of  this  specimen  is  inscribed,  struck  by  per- 

HISSION  OP  THE  COUNCIL  FOR  THE  COLLECTION  OP  THE 
REV^-    CHARLES    TURNOR  .  1840.)  1*9.      Jl. 

This  medal  was  ordered  to  be  struck  when  the  Society  received 
its  Royal  Charter  of  Incorporation  in  1831,  it  replacing  an  earlier 
type.    The  first  impression  was  issued  in  1834.    It  is  struck  in 
gold,  and    awarded   annually  or    otherwise,   as   the  Council  * 
determines. 

58.  [London.]  Royal  Exchange.  Medal  struck  to  commemorate  the 
laying  of  the  first  stone  of  the  Royal  Exchange.  Bust  of 
Queen  Victoria,  /.,  bare,  wearing  a  diadem,  hair  bound  with 
fillet,  and  gathered  into  a  knot  behind.  Leg,  victoria  d  :  g  : 
BRiTANNiARUM  REOiNA  F  :  D  :  On  truncadon,  w  wton  .  r  a. 
Bev,     Inscription,  spaced  on  the  field,  in   commemoration   of 

LAYING    TUB   FIRST    STONE    OF    THE    NEW  ROYAL   EXCHANGE   BY 

H :  R :  H :  prince  albert  consort  of  h  ;  m  :  queen  victoria 

17   JANUARY    1842   IN  THE   FIFTH  YEAR   OF   HER  REIGN. 

1-78.    M. 

54.  Royal  Society.    Copley  Medal.    Athena,  seated  amidst 

emblems  of  her  own  attributes,  and  of  the  arts  and  sciences, 
holds  out  in  the  right  hand  a  wreath ;  in  her  left  arm  is  the 
Ephesian  Artemis ;  on  her  breast  the  head  of  Medusa ;  near  her 
the  armorial  shield  of  Sir  Godfrey  Copley.  Leg,  g  .  copley 
BAR*^'  dignissimo.    Bclow,  T.    [Jonu  Sigismund  Tanner.] 

Rev.  The  armorial  shield  of  the  Royal  Society,  with  crest  and 
supporters.  Leg,  societas  reg  .  londini.  Ex,  On  a  band 
the  motto  nullius  in  verba.  1*7.    m. 

On  the  obverse  of  this  specimen  is  inscribed,  in  the  exergue, 

CAROLO  LYELL  EQ  :      1858. 

The  Copley  Medal,  founded  in  1736  under  the  will  (1709)  of 
Sir  Godfrey  Copley,  Bart,  P.R.S.,  is  awarded  annually  for 
distinguished  philosophical  research,  and  irrespective  of 
nationality.    It  is  struck  in  gold. 

66. Copley  Medal.     Another  copy,  but 

without  exergal  inscription.  1*7.     je. 

56.  Royal  Society.    Darwin  Medal.     Bust  of  Darwin,  /., 

hair  and  beard  long,  crown  of  head  bare,  iu  coat  p.nd  collar.  On 
truncation,  allan  wton  so. 

Rev,  Within  a  wreath,  composed  of  the  leaves  and  flowers  of 
plants  identified  with  Darwin's  researches  {Ampelopsis^  Drosera^ 
Primula^  Nepenthes^  ^c),  the  inscription  carol vs  darwik 
between  the  dates  mdcccix  and  mdccclxxxu.    Below  wreath, 

ALLAN   WTON.  2*25.      M, 

The  Darwin  Medal  was  founded  in  1890,  and  is  awarded  biennially 
for  work  of  distinction  in  the  field  in  which  Mr.  Darwin  himself 
laboured.    It  is  struck  in  silver  or  bronze. 

57.  Royal  Society.    Davy  Medal.    Bust  of  Sir  Humphry 

Davy,  r.,  hair  short,  in  coat,  collar  and  cravat  with  frilled  shirt 
On  truncation,  a.  b.  joy  sc.  k.  ma^cphioi.  y. 


Mm.    hmedp&mi  aptoed  on  iii»  ho^  thu  -botja  sooianr  ro 

[  nHmnri  MWfc  ]    DT  ▲OOOSDAIRIB  IHXB  TSOI  WIIi^  OV  UUMFIIEr 

BATT  WHO  lasviraD  tbb  rammomASs  FJUMMtBu  «9  Bm  bt 
THX  ooixowirBBa  OF  nam  TTBtm  AJXD  wulb  to  thb  m- 
coxmAoxiaan  of  OHuaoikjL  sbssjaoh.  Beloir,  mider  a  Hue, 
tibedate.    [The  date  on  tUs  medal  is  1890.]  9-98.    m. 

Hie  DftTj  Medal  was  founded  m  1899  under  the  will  of  Dr.  John 
Dnvy,  F.B.S., «  brother  of  Sir  Hnmphiy  Da^,  aod  is  awKded 
annually  for  the  most  important  discorery  in  diemfatry  made  in 
Bnrope  or  Angto-Amerioa,    It  is  strack  Jo  gobL 

M,  [LoildoiL]BoyalBoGte^.  DaTjMedaL  ABOIfaerooiigr,iiiSGtibed 

JK>BSn    WXLHSEJC    WSJKMU    t    OVSIATB    UOBKKt    XIBOH»HW. 

Bated  1877.  9*98.    jl 

89.  '  Royal  Sooiety.    Boyd  MedaL     Bust    of    Queen 

"inhstoria.  Ly  lMu;e»  wearing  ooionet,  hair  Inmnd  with  ^^^ 
gaiiherea  hito'  a  knot  bemnd.    2^«    tioiobul  wmaaA  soo : 
Bxo  :  LOUP  :  PA1S0VA  .  XDOOoxxxTm.      On    trnneation, 

W.  WTOV  •  BJU 

B$9.  A  representation  of  the  statue  of  Sir  Isaao  Newton,  by 
Bootailiao,  in  the  Ohaffel  of  Tiinily  OoUegOi  OamfacUnu  Oe 
either  dde  of  the  statoe  are  devices  illnstratiye  of  llewtonVi 
disooTiQfiea.  The  diagram  on  the  zis[ht  i^  taken  from  die  sixty- 
sisctfa  proposUJon  of  l£e  ^  Plcincqiu 

the  solar  (grstem.  L^p  bsowab  jcvuxfioxhxu.  amwraio 
soczsTAXis.    Bdow  statae,  mwTOH.  S-86.    m. 

Two  Royal  medals  were  founded  by  Gtoorge  IV.,  and  are  awarded 
annually  for  the  two  most  importaut  contributions  to  the  advance- 
ment of  Natural  Knowledge  published  originally  in  the  British 
dominions,  within  a  period  of  not  more  than  ten  and  not  less 
than  one  year  of  the  date  of  the  award.  They  are  struck  in 
gold  and  in  silver. 

60.  ■  Royal  Society.      Bumford   Medal.      A  tripod,  sur- 

mounted by  a  flame,  with  inscription  around,  noscere  qu^e 

VIS  £T   CAUSA.      Below,   J   •  MILTON  F. 

JUv,    Inscribed  within  an  ornamental  border  of  leaves,  piLfiiauH 

OPTIME  MERSNTI  EX  INSTITUTO  BENJ  •  A  BUMFORD  S.R.I. 
COmTIS   ADJUDICATUM  A  REG   .   SOC    .  LOND.  3'4.      JR. 

The  Rumford  Medal  was  founded  by  Count  Rumford  in  1796, 
and  is  awarded  biennially  for  the  most  important  discoveries 
in  heat  or  light  during  the  preceding  two  years  The  medal 
is  struck  in  gold  and  in  silver. 

This  type  was  discontinued  by  order  of  the  Council  of  the  Society, 
Jan.  15, 1863,  and  on  the  recommendation  of  the  Master  of  the 
Mint.    See  description  below  of  medal  now  in  use. 

61.  — ^ Rumford  Medal.     Head  of  Rumford,  Z.,  bare. 

Lea.      BENIAMIN  AB  RVMFORD   8  .   ROM  •  IMP  .    COMES  IKSTITVIT. 

Below,  MDCCxcvi.    On  truncation,  ch  .  wiener. 
Bev,  Within  a  wreath  of  oak  and  laurel  leaves  bound  with  ribbons, 

OPTDiE  IN  LVOIS  CALORISQVE  NATVRA  BXQVIRENDA  MERSNTI 
ADIVDIGAT   800  :  REG :   LOND  :  3'4.      X. 

62, — >    E.umfoT&.liQdk»L    KT^>iX^^T  ^^^f^j.  3*4.    ji 
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63.  LondoxL  St.  Thomas's  Hospital.   Solly  Medal.  Head  of  Solly, 
L^  bare,  hair  short,  crown  of  head  bare.     Leg,    samuel  .  solly  . 

F.R.8.  Below,  AFTER  £  .  B  .  STEPHENS  A.R.A  .  J  .  S  .  &  A. 
B  .   WYON. 

Rev,    Inscribed  around,  in   memory  .    of   .   samlel   .   solly  . 

F  .  R .  8.       SURGEON   TO   S^'  THOMAS's   .   HOSPITAL    «{*    FOUNDED   . 

A.D.  1873  4*    Inside  on  the  face,  awarded  for  excellence 

OP    SURGICAL   REPORTS   TO    [recipient's  Mine],  2*76.      M, 

64. Statistical  Society.  Howard  Medal.  Bust  of  Howard, 

/.,  hair  long,  and  tied  behind ;  in  coat,  collar,  and  cravat.    Leg, 

JOHN  HOWARD  F.R.S.  SHERIFF  OF  BEDFORD  .  1773.  BcloW,  A. 
B.  WYON. 

Bev,    A  sheaf  of  corn,  erect,  with  inscription,  Howard  .  prize  . 

FOUNDED    .    1873   .   WILLIAM     A.      GUY     M.B.     F.R.S     PRESIDENT. 

Inscribed    around,    within    a    border,    statistical    society  . 

ESTABLISHED  .  1834.  3*0.      .£. 

65.  Marlborough,  Charles  Spencer,  Duke  of,  F.R.S.    Bust  of 

the  Duke,  r.,  in  armour  and  riband  across  the  breast.    Leg, 

CAROLUS   SPENCER.      BcloW,  J.  A.  DASSIER. 

Rev,  Inscription,  dux  de  Marlborough.   m.dcc.xl(i.     2*16.    .k. 

66.  Hartius,  Carl  Friedrich  Fhilipp  von.    Bust  of  Martins,  /, 

bare,  hair  short.     Leg.     car  .  fr  .  ph  .  martivs  .      Below, 

A.  STANGER  •  F. 

Rev,    Within  a  border,  spaced  on  the  face,  the  inscription,  vuio 

IX  BOTANICA  PRINCIPI  STVDIO  FIDE  CONSILIO  SIBI  PROBATIS- 
SIMO   ACADEMIA  R   .   BOICA   D   .   LYB    .   MERITO  TERTIO  KALEND   . 

APRIL  .   M.D.cccLxnu.     Outer  leg,^  above,  candide  et  for- 

TITER.      Below,   RERYM   COGNOSCERE   CAVSAS.  1*9.      M, 

67.  Modena.    Society  Italiana  delle  Scienze.    Medal  in  celebra- 

tion of  the  centenary  of  the  Society.  An  eagle  upon  her  nest, 
with  wings  expanded,  the  rayed  sun  above.  Below,  insenga. 
Leg,  witMn  a  border,  societa'   italiana    delle   scienze 

FONDATA  NEL   1782. 

Rev.  Within  a  circle,  the  inscription,  la  societa'  italiana  dellk 
scienze  nell'  an  .  1882  centenario  della  fondazione. 
Without,  a  wreath  of  oak  and  laurel.  2*22.    x,, 

68.  Moivre,  Abraham  de,  F.R.8.    Bust  of  De  Moivre,  r.,  hau*  long, 

in  coat  buttoned  in  front    Leg,    abrahamus    de    moivre  . 

Below,  I   .   A.   DASSIER  • 

Rev,    Within    an    ornamental    border,    utriusque    societatis 

REGALIS  .   LOND  .   ET  .  BEROL  .   SODALIS  •  MJ>CC.XLI.      2*15.      A, 

.69.  Montreal.  McQiU  University.  Head  of  Sir  Isaac  Newton,  /., 
bare.  Leg,  scienths  .  mathematics  .  et  .  physicis  . 
feliciter    .    ExcuLTis.       Behind     bust,    newton.       Below, 

J.   S.   &   A.   B.   WYON   SC. 

Rev,  Above,  the  arms,  crest,  and  motto  of  the  Molson  family. 
Within  an  olive  wreath,  anna  molson  donavit  1864. 
Inscribed  around,  universitas  m^gill  monte  regio  .  in 
domino  coia^iDO.  W^«    k.- 


.  >■  ■  *  ■  -"•■ 


l(i.mmlbcmL  Wli^CHamd^mmr.  OimI  ofWiiM,  iwImv  itat 
Bobiiid,  ia  the  0eld»  JAMBS  WATT.  Ltg,  wwmaMaa^  JotwPimM. 
uimminTT  •  uomamAL  *  nusi  wtm  AmtoD  acnmt. 
Below  tniiicati0ii9  aixih  wtov  .  so. 
.  JB0O.  A  wieedi  of  maple  end  loie  fe«ve(iif  with  tiuellM  e^ 
liMKsribed  aioond,  or  laEHOwr  ov  warn  Munmre  of  m  bbssiih 
A80OOiAxioir  AX  Mom^BBu:.     1884.     Bdow  wvwtht  jl  wnrea. 

71.  Mnmtori,  Ludovioo  Antonte.   Bust  of  Miiii|tori,  r^imltt  kNu^ 

in  the  cap  end  garb  of  a  priest  of  the  Bonuah  CmnsiL    X^. 

LODOTIOO  AXT  .  MXJRAaSOKL     BbIoW,  JP.  aCTBAWA, 

Av*    WitUn  a  lamel  wiealfa,  the  inecfflption,  al  •  fasw  dula 

,    STpBIA.  •  ITAliAlUL  XL  .  J|R|]II0inO  m  .  MOSnOUL  XXX  •  iQQfUB 

.   XDCoduooi.  JhliL    JL 

72.  Mewtant  Btr  Hmmo,  PJLB.    Boat  of  Mewtm,  I.,  kak  abNrt»  k 

ahfart  with  open  ooUar  and  mantie  roniid  Ae  aiioiiMeff&    Xiy. 
iftAACTa  •  nwioimi.    Below^  x  •  o . 
JSfv.    Sdenoe^  with  wings  on  her  head,  seated,  £,  lesM  qpoaa 
table,  and  holds  a  diagiam  ol  tim  solar  i^itaai.    Xsfw   nuz  . 

00J»II0S0BBB  .  0ATS4S.     jBr.     HJDOa^CXVX,  SKM.     JL 

78.  '  ■  ■'   I '      Bust  of  Newton,  1iiieo«qiiaffeni^  r^ 

hair  hvur.  in  sUrt  with  oDsn  >oollar*  and  nsnye  nMnd  As 

dumUenu    Z^.    maaovs  iimw'jcoiiujs  >    Below,  i.  xiajmbe  •  f. 

jB^.    a  reprosentation  of  Newton's  m<niinieBl  in  WeBtadnstar 

Abbey;  on  the  base  is  inscribed,  hat  .  1642  •  m  .  1736.    1*68.   m. 

74.  ■ Bust  of  Newton,  three-quarters,  /., 

looking  r.,  hair  long,  in  iithirt  with  open  collar,  and  mantle  round 
the  shoulders.    Leg.    isaacus  newtonius. 
Bev.    A  wreath  of  flowers  enclosing  the  inscription,  eq  .  aur  . 

PHILOSOPHUB    .    OBiix    81    •    MABT    .    1727  .  MATU8   ANKOS  85  . 

1-82.    JE. 

75.  — Bust  of  Newton,  /.,  hair  long,  in 

shirt  with  open  collar,  and  loose  mantle.     Leg.      s^  isaac 

KEWTON. 

JRev.    A  device  of  a  caducous,  with  comucopi»  and  laurel  branch. 
Inscription,  halfpenny.     1793.  1*12.    .£. 

76. Another  copy.    Same  as  preceding, 

but    smaller,    and    rev,    without   caduceus;    the    inscription, 

FABTHINO.      1798.  0*88.     JL 

77. Bust  of   Newton,  /.,  hair  long,  in 

cravat  and  plain  coat.     Leg.     isaacus  newtonius.     ^ow 
truncation,  petit  .  f. 
Eev.     Inscription,  spaced   on  the  face,  natus    volstboph   in 

ANOLIA      an    «•    M.I>C.XLn     .    OBIIT       AN     .    ILDCC.XXVU.        Ex 
SBBIBS  NTTMiaiCATICA  UVIYBBSALIS  TIBOBUX  ILLUSTBim. 

M.DCCC.XIX.       DrBAND    XDIDIT.  1*68.      M 

78.  Nordenskiold,    Adolphns    ErieuB,    Baron.     Bust   of  Nor- 
denskiold,    r.,    bare,    hair    short.      Leg.      abolphus    kbicus 

NORDENSKIOLB   .   Below^   W.  BUNEBEBO      C  .  JAHN   SO. 

Jtev.    The  Genius  oi  Sdence^  Wa^nXib^^Xasi^s^^^T^iQartially  dad 


Possession  of  the  Royal  Society.  537 

in  loose  drapery.  In  her  right  hand  she  holds  aloft  a  lamp 
illumbating  the  north  polar  region  of  a  globe  beneath. 
Near  figure,  an  anchor,  with  compass,  a  ship's  log*  and 
other  navigational  instruments.    Leg.    asia    cirgum  =  na  : 

VIGATA.  Ex,  IN  HONOR  .  P0PULARI8  8UI  80C  .  8CIENT  , 
FEKNICA  CUD  .  CUR.  BclOW,  AHRENBERO  DEL.  W  .  RUNEBERG 
0    .  JAHN   SO. 

This  medal  was  struck  by  the  Soci^t^  des  Sciences  de  Finlande,  in 
honour  of  Baron  Nordenskiold,  and  an  example  in  gold  was 
presented  to  him  January  13,  1881.  2*21.    jr. 

79.  Parkas,  Edmund  Alexander,  F.R.S.    Head  of  Parkes,  /.,  bare, 

Leg.         EDBiUND      ALEXANDER      PARKES    .    B  .    181 9-D    .     1876. 

Below  truncation,  j.  s.  &  a.  b.  wyon. 

Sev.       Within    a    laurel    wreath,    parkes  memorial    medal. 

Inscribed  without,   'H    DEPI    TO    SOMA  KAI   THN    i^YXHN 

•YriEIA.  2-2.    M, 

BO.  Philadelphia.  Numismatic  and  Antiquarian  Society. 
Medal  struck  to  commemorate  the  21st  (mniversary  of  the 
foundation  of  the  Society.  Bust  of  Eli  K.  Price,  /.,  hair  long, 
in  coat,  collar  and  tie.  Leg.  eli  k.  price  president.  Below, 
1879.  On  truncation,  w.  h.  key  k. 
Hev.  The  arms,  crest,  and  motto  (vestigia  rerum  sequi)  of  the 
Society.      Inscribed    within   a   border,    the   numismatic    & 

antiquarian  society  of  PHILADA  .  FOUNDED  JAN.  1.  1858. 

1*66.    M. 
Only  one  copy  was  struck  in  silver,  which  was  presented  to  the 
President  himself ;  in  bronze,  199  were  issued. 

81.  Presl,  Johann  Svatoplok,  and  ELarl  Bofivoj  Presl.    Busts, 

opposite  each  other,  of  K.  B.  Presl  and  J.  S.  Presl.  The  former 
in  profile,  r.,  hair  short,  wearing  coat,  collar,  and  cravat ;  the 
latter,  three-quarter  face  to  left,  hair  parted  in  middle,  wearing 
coat,  collar,  and  cravat    Leg.    carolvs  .  borzwoj  .  presl  . 

NATVS  .  PRAOAB  .  XVn  •  FEB  .  A  .  MDCCLXXXXIIII  .  MORTVV8 
IBIDEM  .  II  .  NOV  .  A  .  IfDCCCLII  .  DR  .  MED  .  £T  .  PHIL  . 
PROP   .P.O.   VNrV  .   PRAGENSIS   . 

JOANNES  .  8VAT0PLVK  .  PRESL  .  NATVS  .  PRA6AE  .  HU  . 
8EPTEMB  .  A  .  MDCCLXXXXI  .  M0RTW8  .  IBIDEM  .  VI  .  APRIL  . 
A    .    MDCCCXXXXVIIII    .    DR    .    MED    .    PROF    .P.O.   VNIV   . 

PRAGENSIS.      Below  the  busts,  in   .   memoriam  .  joannis  . 

ANTE  .  HOS  .  CENTVM  .  ANNOS  .  NATI. 

JRev.    A  branching  tree  fern.    Inscribed  around,  fraternis  .  et  . 

NATVRAE  .  ET  .  DISCIPLINAE  .  VINCVLI8  .  CONIVNCTI.         3*4.      M. 

82.  Polteney,  William,  Earl  of  Bath.    Bust  of  Pultency,  r.,  hair 

long,    in   loose   mantla      Leg.      guilielmus  pulteney  .   a 

DASSIER  F. 

Bev.    Within  a  wreath  of  oak,  comes  de  bath  .  mdccxliv. 

2*15.    JR. 

83.  Porkyne,  Johann  E.,  For.  Mem.  R.S.    Bust,  r.,  hair  short,  in 

coat,  collar,  and  bow  tie.    Leg.     joann    .   ev   .   purkynS. 

Below,  SEIDAN. 


Catalogue  of  the  MedaU  in  the 


Rev.     Inscription  PHrsiOLOOrAE  kecentioris  fusdatori  deceu 

ABIJtNC        LITSTRIS        ONIVER8ITATI  CAKOLO  -  FERWNASDEiE 

ADLECTO  KA.CLLTA8  MEDtCA  PRAHENSia   IX  ■  DKG.     MDCCCLXVIE. 

1-74.     ±. 

84.  Quetelet,  Lambert  Adolphe  Jacques,  For.  Mem.  R-S-    He»J 

of  Quetelet,  /.     Leg.     adolphus  qcetelet.     Below,  itRASinr. 
^ei'.     Inscription,  spaced  od  the  face,  adolpho  quetelbt  ran 

DE  ACADEMIA  EQREOIE  MERnO  QriNQUK  LUSTRA  IN  ACTTASn 
PERPETCI  MUN'EUB  FELICtTEU  FEKACTA  COKGRATULAKTES  HCW 
NUMHUM  PIETATia  ET  RKVERENTIAB  TEBTEM  CCDENDVH 
CCRAVEHUNT  ACASEMIAE  KEGIAE  BELGICAE  SOGII  AS*- 
MDCCCLJt.  1'76.      «■ 

85.  Kotterdam.       BatEuifsch     Oenootschap    der    Prcefondor^ 

vindelijke  W^sbegeerte.  Medal  struck  in  celebration  of  \he 
Bataviaa  Skiciety's  centenary,  1769-1869.  Inner  Itg.  Wilhini 
circle    f tinned    by   a    coiled    snake,    bocietas     i-hilosopuiak 

BXPERIMENTALIS     BATAVA    ROTERODAMI    CKNTE8I1IU1C 

CBLEBKANS.     Outer  kg.     TH  hbmoriam 

PUNDATOIIISi    MDCCLXIX-MDCCCLXIX. 

Rev.  Experience,  in  loose  draperies,  standing,  looking  to  left.  In 
her  left  hand  a  ci-owned  staff,  with  Bcroll  entwined  bearing  the 
legend,  kervm  maoistra;  in  right  an  anchor.  Near.  &  coTuqid, 
on  the  top  of  which  a  pair  of  .scales,  on  the  front  the  Nether- 
lauds  arms  BUrmounlad  by  a  crown.  On  the  left  of  the  figure  an 
altar,  with  flamos  arising,  on  front  the  Netherlands  lion  rampant. 
uu  a  ciliield.     ludcriptlon,  CEai06 

Ex.       J.    p.   MENOER    F. 

Rmnford  MedaL    See  London,  Royal  Society. 

86.  Sohemnltz.       EonlgL     UngariBobe    Berg-    nnd     Tont- 

Akademie.  Medal  in  celebration  of  the  lOUth  anniversary  of 
the  Academy,  1770-1870.  Bust  of  Maria  Theresia,  Qneen  of 
Hungary,  r.,  wearing  bandeaa,  with  falling  drapery  gathered  »t 
the  breast.  On  eiuer  aide  a  laurel  and  palm  brandL  Ltg. 
within   a   border,  a  ,   hasia   .   thkresia   .    hung  :   bege  . 

METALLICORUM  .  ACADEMIA.      BeloW,  C.  RADMITZKT. 

Jiev.    Inscribed  within  a  border,  bcueknicu  .  conbita  .  1770. 

PRIMUK  .  HECDLUM  .  CEIJBBBAT  .  1870.  S^l.     & 

Siemena,  Sir  Charlea  William,  F.R.S.  Set  London,  Citj 
and  Guilds  Institute,  and  King's  College. 

87.  Sloane,  Sir  Hana,  Bart,  F.R.S.    Bust  of  Sir  Hans  Sloute,  U 

cap  on  head,  in   loose  robe.      Leg.      hans    bloank   bqd  ■ 

BARONETFUS.      Bobw,  A.  DABSIBB   .   F. 

Rev,  Inscription,  fr£sbb  bocietatib  sxaiM  lomdimbnsib 
HDCCXLiv.    Above,  festoons  of  flowers  i  below,  branches  of  oat 

2-15.   » 

88. Another  copy.  2-15.    s. 

89.  Sonne,  Sir  John,  FJLS.    Bust  of  Soane,  r.,  bare,  bur  shoru 

Leg.      JOHN   80AKB.      Below,  W  .  WTON  .  A.B.A  .  MINT. 

£ev.    A  repteseatatAon  ol  Vlbn  ^lo.&'aii  <;£  \ba  oarth-west  angle 
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of   the   Bank  of   England,  with  inscription,   a  tribute   of 

BESPECT        FBOSC        THE        BRITISH        ARCHITECTS.  BeloW, 

in  exergue,  mdcccxxxiv.  2-26.    m. 

Solly,  Samuel,  F.R.S.    See  London,  St  Thomas's  Hospital 

90.  Stas,    Jean    Servais,   For.   Mem.   R.S.     Head  of  Stas,  /., 

Below,  A  .  mcHAux  .  d'apres  l.w. 
Rev.    Inscription,  spaced  on  the   field,    a   jean-seryais    stas, 

Vt  A  LOUVAIN  LE  21  AOUT  1813,  l^LU  MEMBRE  DE  LA  CLASSE 
DES     SCIENCES    EK    1841    .   SOUVENIR    JUBILAIRB    (5   MAI    1891). 

Discribed   around,  within  a  border,  acad^hie    royale    des 

SCIENCES,  DES  LETTRES  ET  DES   BEAUX-ARTS  DE   BEL6IQUE. 

2-02.      A 

91.  Stokeley,  William,  F.R.S.    Head  of  Stukeley,  r.,  with  wreath 

of  oak  leaves.    Leg,    rev  .  gvl  .  stvkeley  .  mj>  .  sr  &  as. 
Below  truncation,  cet,  54. 
Rev.  Representation  of  Stonehenge,  and  below,  ob  .  mar  .  4  .  1765. 
JB, :  84.    Cast.  3*32.    x. 

92.  Sydney.    Royal  Society  of  New  South  Wales.    Bust  of  Rev. 

William  Branwhite  Clarke,  F.R.S.,  r.,  bearded,  wearing  acade- 
micals. Leg.  WILLIAM  branwhite  CLARKE  .  M.A.  F.R.S.  1878. 
Below.  J.  8.  &  A.  B.  WTON. 

Bev.  Within  a  wreath,  composed  of  the  palms  and  flowering  plants 
of  Australia,  for  researches  in  natural  science.  In- 
scribed around,  the  royal  society  of  new   south  wales  . 

SYDNEY.      Below,  J.   S.   &  A.   B.   WYON.  2'18.      M. 

93.  Sylvester^  James  Joseph,  F.R.S.    Bust,  /.,  hair  and  beard  long, 

crown  of  head  bare,  in  coat  and  collar.    Behind,  Sylvester. 
Below  truncation,  c.  e.  barber  f. 
Rev.     Within    a    wreath    of    oak    leaves,    inde    .  ab    .    a.d  . 
mdccclxxvi  .  vsQVE  .  AD  .  A.D  .  MDCCCLxxxiii.     Inscribed 
around    within    a    border,   per    .    septem    .    annos    .    in  . 

VNIVERSITATE  .  AB  .  lOHNS   .   HOPKINS  .  FVNDATA    .   PROFESSOR. 

94.  Thiersch^  Frederick  von.    Bust  of  Thiersch,  r.,  hair  short,  bare. 

Below,  J.  RiES. 
Rev.     Within    an    ornamental    border,    fridericvs    Thiersch 
PHiLOLOGVs.     Inscribed   without,    natvs    d  .  xrv  .  m  .  jvnii 

MDCCLXXXIV  .  OBIIT     D.  XXV.  M  .  FEBRVARII     MDCCCLX. 

1-89.     M. 

95.  Tiedemann,  Friedrich,  For.  Mem.  R.S.    Bust  of  Tiedemann, 

r.,  bare.    Leg.    fridericvs  tiedemann  nat  .  d.  xxiii  avg  . 

HDCCLXXXI.      Below,   C.   VOIGT. 

Rev.    A  star-fish,  with  inscription  viro  de  avgenda  natvrae 

SCIENTIA  per  X  LV8TRA  EGREGIE  MERITO  SOD  ALES.  FRANC  OF  . 
A  .  M.  D  .  X     MART  .  MDCCCLIV.  1*76.      JR. 

Todd^  Robert  Bentley^  F.R.S.    See  Loiidoii^  K\ii^%  ^^^%<^. 
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96.  IXpsala.  Umversitet.  Medal  etnick  in  cekbration  of  the  1i, 
anniversary  of  (lie  University.  Head  of  Oscar  II  of  SwetieD'i 
Norway,  r.,  bare,  hair  short.     Leg,     oscab  ii  kkx  f 

NOItVEQI*  .        Below,    A  ,  LINDBER*;  . 

fisp.  The  Genius  of  Upsalu,  laureate,  clad  in  ItioRe  rol'es,  i> 
seated,  facing.  la  her  right  baud  she  holds  aloft  the  lamp  -.i 
knowledge,  the  left  rests  upon  the  triaugulir  crowned  shielil 
of  Svealand,  the  head  of  a  crouching  lion  appearing  from  behind 
(in  allusion  to  Gcltaland).  On  the  left  of  the  figure  emblenu 
of  the  arts;  above  the  pole  star  casts  ita  raya.  In  the 
field  a  flying  bat.     Inscription,  kx  tenebrib  fee  ombras  ad 

LL'CEM.         Ex.        PEKACTA        QUATCOR        BECCLA        CKLEBKAVn 
DNlVERSrrAS   UPSALIEN8I9  MDCCCLXJtVll  .  LIN'UBERQ.      2*22.     M. 

ft7.  WalaB,  Frederick,  Prince    of,  P.R.S.     Bust  of  the  Prince, 
t.,  hair  long,  in  armour,  riband  and  star  of  the  Gartar.      Lrj. 

FREDERIC   .    WAL1.1*   PRINCEPS.      BeloW,  J.  A.  DA8SIEH. 

Jitv.     Two  genii,  auiong  clouda,  supporting  the  Prince's  coniael, 

with  plumes  aud  motto.  i'lb.    x. 

98.  Watt,  James,  P.R.S.     Bust  of  Watt,  i-.,  with  mantle  over  the 

shoulders.    Behind,  in  the  Geld,  james  watt  I736-I819.    BeltnF, 

JOSEPH  a.   ^vTon  8. 

I  ReL:      Kepresentation  of  a  steam  engine,  with  Bun    and  pUnet 

I  motion,  and  inscription  below,  stbam  engine  as  coNSTRrcTKo 

1  BY  JAHES   WATT.  I'tlG.      .t 

99. Head  of  Watt,  K,  behind  head,  i  watt.     Oq  taiii- 

caiJon,  a.  j.  aToinARu. ;  below,  p.  l.  ghantrbt.  r.a.  d. 
Stv.     Clio,  looking  to  r.,  leans  in  almost  upright  position  against 
lo7  pillar,  on  which  rests  her  left  hand,  with  scroll  bearinf; 
legeud,  TO  great  men;  in  right  hand  a  pen.    Below,  pob"  by 

B   PAREER   LONDON  .  11DCCCX2VII.      Right    aod  left,  A.  J.  BTOT- 
BABD  r.     T.  STOTHARD  B.A.  D.  2-46.     M. 

See  also  Montreal,  McGill  University. 

100.  Whitworth,  Sir  Joseph,  Bart,  F.R.S.    Bust  of  Wbitwortb,  I., 

bearded,  hair  long,  crown  of   head  bare,  in  collar  and  coat. 
Leg.    SIR  JOSEPH  wnrrwoRTH  .  babt  .-.frs.'.dcl.-. 

L  L  D     b"       .;.     DEC^    XXI    .  " .    MDCCCiii.      On  truncation, 
18£jp83.     Below,  allan  wyon. 
Sev.     A     represontalion    of     Whitworth'a     measuriofr    machbe. 
Inscription  above,  a   difference    of   one  uillionth    of  ak 

INCH   IB  MKA9VRED   BY  T8IKO   FO^■H  TRVE   PLANES   IN  CONCERT; 

beneath,  wnrtwoRTii   scholarships   zovnded   mdccclxvih; 
to  right,  J  .  a  .  &  A  .  B  .  WTON.  2-26,     X. 

101.  Wray,  Daniel,  F.R,S.     Buat  of  Wray,  r.,  hair  short,  iu  mantle 

fastened  wiih  brooch  on  the  shoulder.     Leg.    daniel  .  wbat  . 
AXGLVS   .    AET   .    XXIV.       On     truDcatioD,     17ii6.       Below, 
G  .  pozzo  .  f. 
ffev.    Inscription,  hil  actym  repvtans   cvm  qtid   svfereeset 

AGENUVH.  2'7.     Jt 
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02.  Wren^  Sir  Christopher,  F.R.B.    Bust  of  Wren,  /.,  hair  long,  iu 
vest  and  loose  mantle.     Leg.    .  christop  .  wren  .   eqves 

.     AYR     &     ARCHITECT     .      BeloW   bust,   .    OBIIT   .   A   .  D   .    1728. 
JET.      91  . 

Rev,     The    west    front    of    St.  Paul's    Cathedral       Upper  leg. 

VNVM  .  PRO  .  CVNCTIS  .  FAMA  .  LOQVATVR  .  OPVS  •  Lower 

leg.    INCEPT  .  A.D  .  1675  .  perfect  .  a.d  .  1711.    jE^o;.  aedes 

.  S  .  PAVLI  .  LOND.  ;  6  .  D  .  QAAB  .  SCVLP.   Cast   3*92.  JR. 


OBITUARY  NOTICES  OF  FELLOWS  DECEASED. 


Sir  John  Uawkshaw,  civil  engineer,  was  bom  at  Leeds  in  1811, 
and  was  educated  at  the  Grammar  School  of  that  town.  After 
serving  a  pupilage  to  an  engineer  of  large  practice  in  Yorkshire,  he 
went  to  South  America  for  a  few  years  to  superintend  some  largo 
copper  mines,  and  soon  after  his  return  succeeded  George  Stephenson 
as  engineer  to  a  railway  between  Manchester  and  Leeds.  This  led  to 
a  further  connexion  with  the  railways  which  afterwards  expanded 
into  the  great  group  called  the  *'  Lancashire  and  Yorkshire  "  system, 
and  he  soon  took  a  position  as  one  of  the  most  eminent  railway 
engineers  in  the  country. 

After  he  established  himself  in  London,  his  practice  extended  to 
other  branches  of  engineering,  and  about  1856  he  succeeded  Mr.  J. 
M..  Bendel  in  directing  the  construction  of  the  great  Harbour  of 
Refuge  at  Holyhead.  He  made,  with  the  sanction  of  the  Government, 
extensive  alterations  of  the  original  design,  and,  in  consideration  of 
his  important  services  on  the  work,  he  received  in  1873  the  honour 
of  knighthood. 

Among  other  large  works  of  his  in  Great  Britain  maybe  mentioned 
docks  in  London,  Hull,  and  Fleetwood ;  a  main  drainage  system  for 
Brighton;  waterworks  for  Dublin;  important  improvements  in  the 
.drainage  of  the  Fen  districts ;  the  foundations  of  the  great  iron  forts 
at  Spithead,  and  the  tunnel,  4^  miles  long,  lately  formed  under  the 
Severn.  Ho  also  devoted  much  attention  to  the  proposed  great 
tunnel  under  the  Straits  of  Dover,  and  consideied  he  had  favourably 
solved  the  question  from  an  engineering  point  of  view.  But,  sub- 
sequently, he  doubted  the  expediency,  on  grout ds  of  national  policy, 
of  forming  such  a  connexion  between  the  two  countries,  and  withdrew 
his  support  from  the  scheme. 

He  is  best  known  to  Londoners  by  his  extension  of  the  South 
Eastern  Railway  from  London  Bridge  to  new  termini  at  Charing 
Cross  and  Cannon  Street,  a  very  difficult  and  expensive  work,  cutting 
through  the  heart  of  London,  and  requiring  two  largo  new  bridges 
across  the  Thames.  And  though  artistic  critics  doubt  whether  this 
has  contributed,  like  the  Thames  Etnbankmcnf,  to  the  embellishment 
of  the  Metropolis,  there  can  be  no  question  that  it  has  been  of  immense 
benetit  to  the  inhabitants ;  and  Sir  John  always  held  that  esthetic 
considerations  were  out  of  place  if  they  iutiifered  with  wt)rk8  of 
public  utilifcj . 
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He  was  also  largely  engaged  on  foreign  works.  Towajrds  the  end 
of  1863  he  visited  Egypt^  at  the  request  of  the  Viceroy,  to  report  on 
doubtful  points  respecting  the  Suez  Canal,  and  his  emphatic  recom- 
mendations led  largely  to  its  completion.  He  executed  a  great  ship 
canal  in  Holland,  made  designs  for  navigating  the  First  Cataract 
of  the  Nile,  and  had  to  do  with  railways  and  other  largo  works  in 
Russia,  India,  the  Mauritius,  and  Brazil. 

He  was  one  of  the  most  active  members  of  the  Institution  of  Civil 
Engineers,  and  occupied  the  position  of  President  in  the  years  1862 
and  1863. 

Sir  John  was  not  merely  a  railway  maker ;  he  paid  much  attention 
to  general  principles,  and  some  that  he  strongly  advocated  may  be 
mentioned.  One  was  the  allowance  of  greater  latitude  in  regard 
to  gradients.  The  earlier  engineers  thought  that  almost  any  cost 
should  be  incurred  for  the  purpose  of  getting  a  road  as  flat  as 
possible ;  and  for  very  heavy  traffic  to  be  carried  very  cheaply  this  is 
always  true.  But  Sir  John  urged  that  in  a  vast  number  of  cases  it 
was  preferable  to  adopt  steeper  gradients,  and  so  to  save  original 
outlay.  He  relied  on  the  mechanical  skill  of  engineers  to  work  such 
gradients  effectively  and  safely,  and  contended  that  this  principle 
would  lead  to  a  great  extension  of  the  system  in  districts  where  it 
would  be  otherwise  impracticable.  It  is  remarkable  how  his  pre- 
dictions have  been  verified.  In  the  days  of  George  Stephenson,  1  in 
264  was  thought  veiy  steep,  and  1  in  100  was  said  to  require 
stationary  engines.  Now  1  in  100  is  thought  nothinf^  of,  and  1  in  40 
or  50  is  allowed  for  important  lines,  while  for  mountain  districts  we 
find  gradients  of  1  in  4,  or  even  steeper  still. 

Another  principle  he  advocated  was  that,  when  the  traffic  became 
very  large,  railways  could  never  be  worked  to  their  full  advantage 
unless  special  lines  were  allotted  to  special  speeds,  thus  separating 
the  quick  from  the  heavy  traffic.  It  was  a  long  time  before  practical 
railway  managers  appreciated  this  idea,  but  the  pressure  of  increased 
traffic  has  lately  forced  it  on  them,  and  it  is  now  being  extensively 
carried  out  by  duplications  of  many  gi-eat  lines. 

In  1875-76  Sir  John  filled  the  honourable  office  (succeeding  Pro- 
fessor Tyndall)  of  President  of  the  British  Association,  and  g-ave  his 
opening  address  at  Bristol  on  the  25th  August,  1S75.  He  began  by 
sayiDg  :— 

"  Past  Presidents  have  already  discoui'sed  on  many  subjects — on 
tliino^s  organic  and  inorganic — on  the  mind,  and  on  things,  perhaps, 
beyond  the  reach  of  mind  ;  and  1  have  arrived  at  the  conclusion  that 
humbler  themes  will  not  be  out  of  place  on  this  occasion. 

"  I  propose  in  this  address  to  say  something  of  a  profession  to  which 

mj  lifetime  has  been  devoted — a  theme  which  cannot,  perhaps,  be 

expvcivd  to  stand  so  \v\g\\  aa\  \,h>\\t  v)sV\vc\'Oi\a<:nyv  ws  \\\  \uv  own,  and  I 
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may  have  some  difficulty  in  making  it  interesting ;  but  I  have  chosen 
it  because  it  is  a  subject  I  oaght  to  nnderstand  better  than  any 
other." 

Half  the  address  was  devoted  to  the  history  of  works  of  a*  nature 
corresponding  to  those  of  modern  civil  engineering,  in  a  long  series, 
comprising  those  of  the  Egyptians,  the  Assyrians,  the  Peruvians,  the 
Hindoos  and  Mahomedans,  the  Chinese,  the  Carthaginians,  the 
Greeks,  and  the  Romans,  down  to  the  present  day.  Modern  engi- 
neering works  were  then  alluded  to,  particularly  steam  navigation 
and  the  electric  telegraph ;  and  in  regard  to  the  speaker's  own 
special  subject,  railways,  he  dwelt  more  on  economical  than  con- 
structive viev\rs.  He  pointed  out  in  a  striking  manner  the  great 
benefits  that  they  had  conferred  on  mankind.     He  said: — 

**  Railways  add  enormously  to  the  national  wealth.  It  may  be 
safely  assumed  that  the  railways  in  the  British  Islands  now  save  the 
nation  a  much  larger  sum  annually  than  the  gross  amount  of  all  the 
dividends  payable  to  the  proprietors,  without  at  all  taking  into 
account  the  benefit  arising  from  the  saving  in  time.  The  benefits 
under  this  head  defy  calculation,  and  cannot,  with  any  accuracy,  be 
put  into  money.  But  it  would  not  be  at  all  over-estimating  this 
question  to  say  that  in  time  and  money  the  nation  gains  at  least 
what  is  equivalent  to  10  per  cent,  on  all  the  capital  expended." 

He  argued  from  this  that  even  where  a  railway  would  only  yield  a 
small  dividend  to  its  proprietors,  it  was  to  the  national  interest  that 
it  should  be  carried  out  by  Government  aid. 

He  also  alluded  to  the  subject  of  safety  in  railway  travelling : — 

"  It  is  well  that  the  elements  on  which  this  depends  should  be 
clearly  understood.  It  will  be  thought  that  longer  experience  in  the 
management  of  railways  should  go  to  ensure  greater  safety,  but 
thei-e  are  other  elements  of  the  question.  It  depends  on  the  perfec- 
tion of  the  machine  in  all  its  parts ;  it  depends  also  on  the  natui*e 
and  quantity  of  traffic  ;  and,  lastly,  on  human  care  and  attention  ;  for 
so  many  of  these  accidents  as  arise  from  the  fallibility  of  men  will 
never  be  eliminated  until  the  race  be  improved." 

He,  however,  gave  some  remarkable  statistics  to  show  how  minute 
the  risk  of  accident  really  is,  and  quoted  the  saying  of  a  former 
President  of  the  Board  of  Trade  that  he  felt  safer  in  a  I'ailway 
carriage  than  anywhere  else.  "  And,"  added  Sir  John,  "  he  was  not 
far  wrong." 

He  took  interest  in  geology,  and  published,  in  1842,  some  good 
descriptions  of  fossil  footsteps  and  fossil  trees  that  had  been  dis- 
covered in  works  under  his  care.  He  further  presented  to  the  Man- 
chester Geological  Society,  in  1843,  a  somewhat  elaborate  theoretical 
paper  on  the  Origin  of  the  Deposits  of  Coal. 

He  was  elected  into  the  Royal  Society,  Vi'y    \^'ft  ^T^^ci'ssSAss^^  <2»\ 


nWBj  cmiiinit  FeUoiri,  ob  llie  7i1l  of  Juw,  1865.  H*  Mmd  OtM 
timM  (» tlw  CouoU,  Bundr,  in  1668-69,  in  U7i-7A,  Mid  in  1881-61. 
la  his  latar  tov*  )>•  ((»▼•  np  wtive  prwtioe ;  bnt  b«  niaaad  Ui 
flwnltJM  to  the  hat,  and  h»  diod,  at  tlie  'rip*  tge  of  8(^  m  ilw  2nd  of 
JUA,  1801. 

W.  P. 

'  FktU  IdAfiTiN  Ddncak  was  boiii  at  Tirickenhftm  in  1824,  ud 
rMjeiTod  his  eiirly  ednnttion  in  the  Grammar  Sciiool  ot  &Mi  nllBga^ 
ODM  thft  home  of  Wulpole  and  of  Pope.  Ho  wna  »ftenmdt  plaoad 
tor  m  short  time  in  a  Buhool  in  Bwit/cHand.  On  hJB  nbam  to 
XngUnd,  he  entered  the  Mt'diciil  Dcpnrrinent  at  King*ii  Ctdlege, 
IiOldon,  in  1842.  Here  he  received  bix  foriiial  icoentifie  tntinin;, 
tkking  bil  degree  of  M.B.  London  in  lS4f;,  and  in  1840  bo  wu  olooted 
4a  AHOoiate  of  his  College.  After  acting  for  a  tiiuo  M  fiwJitant  to  a 
doctor  at  Boeheater,  he  renovod  to  Ooloboitar,  whore  a  pnctioe  had 
boon  porohaagd  for  hits.  Here  be  raided  fiur  many  Toan,  and  pnb' 
Ijudted  hia  flmt  soiontiBo  away,  whtoh  oraiaiBted  of  "  ObaerntMHia  oa 
the  FoUan-tobe,  its  Otowtb,  Biabdogr,  and  Phjnology"  (1856). 
Bnt  ha  did  not  at  Colobaatar  saenra  mnoh  time  for  original  raaeard, 
iw  moat  of  that  irhioh  waa  left  him  by  hia  prof eaaion  waa  oconpied 
by  irork  in  connexion  with  the  monicipaHty.  During  bis  reaidencc 
he  filled  the  office  of  Mayor,  thns  proving  that  he  had  won  the  con- 
tidence  of  hie  fellow -townsmen,  while  the  admirable  arrangement  of 
the  local  Mnaeain,  which  under  his  direction  was  reorganised  upon 
lines  far  in  advance  of  the  time,  is  a  sign  of  his  interest  in  the  ednea- 
tional  institutions  of  the  town.  About  1860  he  took  a  practice  at 
Blackhealh,  when  he  was  able  to  spare  more  time  for  scientific  work, 
devoting  himself  to  the  study  of  fossil  Corals ;  and,  as  his  interest 
deepened  in  the  problems  which  they  presented  to  him,  he  was  led  te 
abandon  the  lucrative  prospects  offered  by  hio  profession,  and  to 
<levote  himself  entirely  to  original  research.  In  this  he  was  no  doubt 
encouraged  by  the  reception  accorded  to  his  first  paleeontological 
papei's,  which  were  read  in  1863,  and  gained  for  him  recognition  as  s 
most  able  palseontologist.  In  the  following  year  he  waa  appointed  one 
ot  the  honorary  secretaries  of  the  Geological  Society,  and  two  years 
later,  he  was  elected  a  fellow  of  the  Royal  Society. 

After  leaving  Blackheath,  he  settled  near  Regent's  Park ;  bnt  he 
waa  not  long  allowed  to  remain  in  retirement,  for  in  1870  he  was 
called  to  the  Chair  of  Geology  at  King's  College,  and  a  Fellow- 
ship followed  in  1871.  Shortly  afterwards  he  accepted  also  the 
Pi^ofessorsbip  of  Geology  at  Cooper's  Hill,  both  of  which  appoint- 
ments he  held  till  his  death.  He  resigned  the  Secretaryship  of  the 
Geological  Society  in  1870,  fkltet  a.  ao-^wi  5«iTa'  tenure  of  office,  and 
in  1S72  he  was  elected  a  V\iie-?te8\icTi^.,«Bi.  "?TCft\.4.(i\ASii.'V%"^  Mid 


1877.  In  1881  he  was  awarded  the  WoUaston  Medal,  the  highest 
honour  which  the  Geological  Society  can  bestow.  Though  he  was 
most  closely  connected  with  the  Geological  Society,  he  was  an 
influential  member  of  other  scientific  bodies ;  he  served  on  the 
Council  of  the  Royal  Society  from  1876  to  1878,  was  President  of  the 
Geological  Section  of  the  British  Association  in  1879,  and  of  the 
Microscopical  Society  from  1881  to  1883. 

On  taming  to  Professor  Dancan's  scientific  work,  one  is  impressed 
by  the  enormous  amount  he  accomplished,  and  the  wide  range  of  his 
interests  and  influence.  His  first  paper  (1856)  was  botanical,  and  he 
long  retained  his  attachment  to  this  subject,  his  lasfc  paper  on  veget- 
able physiology  being  published  in  1874;  while,  still  later  on,  he 
worked  out  the  parasitic  Algm  which  he  discovered  in  some  Silurian 
Corals.  His  first  impoi*tant  work  was  the  series  of  five  memoirs  on 
the  Fossil  Corals  of  the  West  Indies.  The  subject  was  full  of 
difficulties;  the  living  Corals  of  the  area  were  but  little  known,  so 
that  the  materials  for  the  comparison  of  the  recent  and  fossil  faunas 
were  quite  insufficient.  But  Professor  Duncan  attacked  the  subject 
with  characteristic  energy,  and  his  sound  common  sense  enabled  him 
to  avoid  many  a  pitfall ;  his  memoir  was  certainly  a  most  valuable 
addition  to  our  knowledge  of  the  later  Tertiary  Corals.  This  work 
was  followed  by  a  long  list  of  memoirs,  in  which  he  describes  the 
Coral  faunas  (especially  the  Cainozoic)  of  England,  Australia,  Tas- 
mania, India,  Java,  Arabia,  and  Malta.  His  "  British  Fossil  Corals  " 
is  probably  one  of  the  best  contributions  published  by  the  Palaeonto- 
gi^phical  Society ;  being  so  much  more  modern  in  its  method,  and 
more  thorough  in  its  treatment,  than  the  work  to  which  it  was  issued 
as  a  supplement. 

But  though  Professor  Duncan's  interests  were  probably  at  first 
rather  zoological  than  geological,  he  soon  became  absorbed  in  the 
line  of  work  which  he  had  been  led  by  circumstances  to  select.  He 
soon  realised  that  the  description  of  the  anatomical  structare  and  the 
determination  of  the  systematic  position  of  a  fossil  did  not  constitute 
the  sole  duties  of  a  palaeontologist ;  with  him  these  were  but  prelimi- 
nary to  the  consideration  of  the  affinities  of  faunas  and  their  bearing 
on  the  physical  geography  of  the  past.  He  was  a  palsBontologist  in  the 
truest  sense  of  ihe  word — not  a  morphologist  who  happened  to  study 
extinct  forms,  but  a  geologist  who  used  fossils  as  a  petrologist  uses 
minerals.  Hence  his  early  work  on  the  West  India  Corals  com- 
menced by  a  detailed  study  of  their  conditions  of  fossilisation,  and 
closed  by  a  discussion  of  their  evidence  as  to  the  Cainozoic  physio- 
graphy of  the  Caribbean  region ;  similarly,  his  later  studies  of  the 
European  Corals  led  to  his  stdking  paper  on  **  The  Physical 
Geography  of  Western  Europe  during  the  Mesozoio  and  Cainozoic 
Periods  elucidated  by  their  Coral  Faunas.'' 


la.  his  Ister  atnjy  of  the  Gchinoidea,  he  commenced  with  those  n 
bsdi  tho  Oorals  of  which  )ie  had  already  esomitied,  among  the  nidlt 
.ivnaAaiila  being  those  from  Sonth  Anotralia,  -which  he  describedii 
,ft  Mriei  ti  pApna  dating  from  1864  to  1887.  It  was  app&reiitl;  Ui 
'  tntevMt  in  tha  origiu  of  tliis  fttuna,  with  its  mixture  of  CretacfMi 
and  Gunowno  genera,  tliitt  led  him  to  taice  up  the  Indiiiu  EcbiDoidi, 
whiob,  in  oonjnnotion  wiUi  Hr.  W.  Pm^  SUden,  F.L.S^  hb  MOOK^ 
gTKgibai  with  snob  detail  and  care. 

He  studied  vith  eopec-iul  interest  the  Echinoids  of  the  Ctmomfaiu, 
and  I17  the  ud  of  the  BBaall  collections  of  the  Rev.  W.  9.  Holland,  W 
Sinai,  and  <rf  Dr.  CartJl-,  in  Sonth  Arabia,  ho  gt-adnitllf  boili  vp  tU 
OOonexion  between  the  p]iiropean  faaua  and  tliat  of  N'ortbem  ~ 
Bj  hie  oompaoeon  of  tliose  of  the  Peniiiaalar  am  " 

anaa  he  demonetrated  the  eitsteuce  of  tlie  land-barrier  Aat 
across  India,  and  awaf  to  the  eontti-iTeet,  <rf  vluoh  aaob  iaporiut 
UHe  has  bt^cii  made  in  recent  ooOtrammj.  HiiTiein  MtgaognfthiMl 
distribntion  woe  otiginal,  and  bad  been  oanlnllj  matoMd;  Vt 
lectni-e  on  "  The  Poratatioa  of  the  Main  Land  TffiWM  "  aboirad  tU 
he  did  not  aooept  the  Viewa  of  Hba  pennaoenoe  of  ooaane  and  eoa- 
tiiifittei,  a  anbjeot  spon  vhicih  be  vaa  oompetent  to  apeak  wiA 
Buiboi-ity.  Hie  paper  oa^The  Faona  of  the  Alpine  Laikaa"pn)b- 
ably  dealt  the  most  aeisoae  Uoir  ever  atruok  to  tiie  tiiea^  of  tb 
glacial  origin  of  the  Swiss  lake-baaios. 

But  thoDgh  Professor  Duncan  did  not  regard  morpholep  aa  the 
higheat  end,  he  did  not  hy  anj  means  neglect  itj  thns  our  knowledge 
of  the  perignathic  girdle  of  the  Echinoids  and  its  ralue  in  classifica- 
tion we  owe  mainljr  to  him ;  while  hia  remarkably  suggestive  and 
original  essay  ■»a  the  strnctare  of  the  ambulacra  of  the  regulir 
Echinoidea,  perhaps  his  most  nuuiterly  piece  of  work,  has  gained  the 
highest  pmiae  even  from  men  opposed  to  his  views. 

In  addition  to  his  contributions  to  paleontology,  he  has  done  much 
in  zoology ;  he  wrote  a  series  of  papers  on  the  anatomy  of  the 
Temnoplenridte,  Saleniide,  and  otber  groups  of  the  Bdunoidea,  and 
described,  amongst -oth era,  the  Uadreporaria  of  the  "Porcupine" 
Expedition,  the  OpKiuridB  and  Corals  of  Uergni,  and,  iu  conjunction 
with  his  conataot  collaborator,  Mr.  Siaden,  the  Echinodennata  from 
Greenland.  Two  of  his  most  Talnable  works  are  "  The  Revision  of 
the  Madreporaria,"  and  bis  "  Revision  of  the  Qenera  and  Oreat 
Groups  of  the  Echinoidea."  The  former  was  issued  in  1885,  and  cou' 
aisted  of  diagnoses  of  every  genus  of  Oor&l  (exclnding  the  Rugoaa), 
and  of  a  classification  which  has  not  yet  been  supplanted.  His 
revision  of  the  Echinoidea  made  a  great  advance  in  onr  knowledge 
of  every  order.  The  application  of  his  own  discoveries  on  the  ambn- 
Jacral  structure  ena,Vi\ed  >\\mVi\iTvci^  Ui«  Palecbinoidea  from  chaos 
into  order,  aad  to  replace  tVe  MtitciuiX  WTwi^yrosdA.  ^A.  ^ui^JnaAnrnv 
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tldsB  by  a  natnral  classification  ;  his  previous  detection  of  the  funda- 
mental differences  between  the  pits  of  Temnopleurus  and  the  fossettes 
of  Temnechtnus  gave  him  the  cine  to  the  arrangement  of  that  group ; 
and  his  substitution  of  positive  for  comparative  diagnoses  in  manj 
recent  genera  has  greatly  aided  the  comparison  of  the  fossil  and  deep- 
sea  types.  By  these  two  revisions  alone  Professor  Duncan  has  earned 
the  gratitude  of  every  paledontologist  and  zoologist,  and  has  given  a 
firm  basis  for  future  work.  They  are  indispensable  works  of  refer- 
ence to  every  student  of  these  groups. 

In  addition  to  the  Corals  and  Bchinodermata,  Professor  Duncan 
made  some  contributions  to  the  study  of  the  Protozoa  and  Sponges, 
while  liis  clearness  as  a  teacher  led  bim  to  undertake  a  good  deal  of 
lecturing  and  popular  literary  work  ;  thus  he  edited  the  six  volumes 
of  *  Casseirs  Natural  History,'  and,  amongst  others,  wrote  a  primer 
of  physical  geography,  a  volume  of  biographies  of  the  'Heroes  of 
Science,'  a  paper  on  Voltaire's  attitude  to  geology,  and  edited  recent 
issues  of  Ly ell's  *  Student's  Elements.' 

To  his  first  love,  the  -Corals,  he  proposed  to  return  on  the  conclusion 
of  his  revision  of  the  Echinoidea ;  he  commenced  work  upon  a  large 
Indian  ccfllection,  and  planned  a  supplement  to  his  revision  of  the 
Madreporaria,  in  which  he  intended  to  discuss  recent  criticisms  and 
incorporate  subsequent  progress.  But  it  was  not  to  be.  He  was 
smitten  with  disease,  and,  after  a  long  and  painful  illness,  quietly 
passed  away  on  the  early  morning  of  the  28th  of  May. 

The  fine,  keen  sense  of  humour,  which  remained  unblunted  almost 
to  the  last,  the  genial  kindness  with  which  he  was  ever  ready  with 
help,  especially  to  younger  men,  united  with  the  recognition  of  his 
sterling  woith  and  sound  judgment,  gained  him  wide  popularity  and 
esteem. 

Henet  Mabtyn  Jeffkry  was  the  only  son  of  Mr.  John  Jeffery,  of 
Owennap,  Cornwall,  a  parish  situated  about  midway  between  the 
towns  of  Eledruth  and  Penryn.  He  was  bom  on  January  5,  1826,  at 
Lamorran,  near  Truro,  on  the  banks  of  the  River  Pal,  ut  the  rectory 
of  his  maternal  grandfather,  the  Rev.  W.  Curgenven,  who  married 
the  sister  of  the  distinguished  Orientalist  and  missionary,  the  Rev. 
Henry  Martyn,  B.D.,  the  Senior  Wrangler  in  1801.  Mr.  Jeffery  was 
also  related  to  fhe  family  of  the  Rev.  Malachy  Hitchins,  Vicar  of 
St.  Hilary,  near  Marazion,  the  comparer  of  the  "Nautical  Almanac," 
under  Dr.  Maskelyne,  from  1767  to  1809,  and  one  of  the  observers  of 
the.  transit  of  Venue  at  the  Royal  Observatory  in  1769.  Mr.  Jeffery 
always  referred  with  a  natural  pride  to  these  two  well-known  mathe- 
matical members  ef  his  family. 

The  early  years  of  Mr.  Jeffery  were  mostly  spent  at  his  father's  home 
at  Q-wennap,  hut  from  the  age  of  seven  \(0  te\xT\fc«\i\xft'^^fii^^'«:sS^^i^ 


(he  Falmoath  Ominmar  Scbool.  On  learinff  tliJs  school,  I'n  1P40.  he 
fxhibited  niittoabted  si^oa  of  conaiilorable  matiiemnticHl  and  claBsical 
abilily — so  much  so  that  he  offered  himself  as  ft  tntor  in  n  private 
goatleman's  Famiiy.  The  writer  of  this  notii-'e  has  seen  a  copy  of 
his  letter  containing  a  list  of  the  sobjeota  which  be  (Tonsidered  hini- 
self  competent  to  t*acb,  and  from  it  we  may  gather  that  be  was 
really  an  intelligent  youth  with  more  than  nsnal  preeflcity.  Fortn- 
naleiy  for  himself,  he  was,  at  the  advice  of  some  friends,  sent  in  1841 
to  the  Grammar  Scbool  at  Sedbergh,  Yorkshire,  where  be  waa 
tmined  by  the  Eev.  J.  H.  Evans,  a  late  Fellow  of  St.  John's  College, 
Cambridge.  Here  be  remained  until  1845.  In  October  of  that 
year  he  entered  as  an  nndergradnate  at  St.  John's  College,  hut  soon 
after  migrated  to  St  Catharine's  College,  gradnating  as  B.A.  in 
1849  in  the  Mntbematkal  Tripos  as  Sixth  Wrangler,  and  in  the  Clas- 
sical Tripos  in  the  Second  CIbbs.  He  proceeded  to  the  degree  of  M.A. 
in  18^2,  and  in  that  year  be  was  adjudged  the  special  distinction  of 
bracketed  Srat  Tyrwhitt  Hebrew  Scholar. 

Soon  after  taking  his  degree,  Ur.  Jeficry  accepted  the  post  of 
Lecturer  in  the  College  of  Civil  Engineers  at  Pntney,  and  in  18.'i2  he 
WHS  selected  by  the  President  and  Fellows  of  Corpns  Chrlsti  College, 
Onford.  to  fill  the  office  of  Seoond  Master  of  Pate's  Grammar  School. 
nt  Cbolt-cuham.  Sixteen  yeai-s  after,  on  the  i-esignnlion  of  the  Kev. 
llr,  llaymnn,  in  18<38,  ho  was  appointed  lo  sncceed  to  the  vacant 
Headmasterahip,  an  office  which  he  retained  with  success  until  his 
retirement  in  1882.  Many  of  his  pupils  have  acknowledged  their 
indebtedness  4*  Mr.  JeSery  for  theii'  general  success  in  life,  some 
of  whom  have  attained  high  distiootion  at  the  Universities,  and  in 
various  competitive  ezamiastions  for  admission  into  the  public 
service. 

Although,  while  at  the  Cheltenham  Grammar  School,  Ur.  Jeffery't 
official  time  was  mere  especially  devoted  to  the  classical  department, 
it  is  as  a  pure  mathematiciain  that  his  name  will  be  most  remembered. 
Shortly  after  he  permanently  settled  in  Cheltenham  he  oomtnenced 
the  long  and  continnons  series  of  investigatioDs  in  pure  mathematicti 
which  have  enriched  the  p^es  of  the  '  Quarterly  Journal  of  Pure 
and  Applied  Mathematics,'  the  '  Proceedings  of  the  London  Mathe- 
matical Society,'  the  '  Reports  of  the  British  Association,'  and  oUier 
scientific  journals.  His  roost  important  papers  have  been  on  pure 
analysis  and  analytical  geometry,  especially  on  the  classtGcation  of 
claas-cnbics,  both  in  plane  and  spherical  geometry.  Instalments  of 
the  similar  classification  for  olass-quartics  have  also  been  published. 
He  had  been  for  some  time  engaged  on  the  continuation  of  this  work. 
The  titles  of  a  few  of  his  numerous  papers  will  give  a  sufficient  indi- 
cation of  the  general  character  of  his  investigations  : — "Two  Theo- 
rems in  PermatationB  and  CombmK\OTv%,  ukA  «.  Theoreia  in  Go^- 
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grnencies  "  ;  "  The  Spherical  Ellipse  referred  toTrilinear  Coordinates  " ; 
"  Cubics  of  the  Third  Class  with  Triple  Foci,  both  Plane  and  Spheri- 
cal '* ;  "  Spherical  Class  Cnbics  with  Double  Foci  and  Donble  Cyclic 
Arcs";  "On  Sphero^Cyclides";  "On  the  Identity  of  the  Nodes  of 
a  Nodal  Curye  of  the  Fourth  Order  with  those  of  its  Quartic  and 
Sextic  Contravariants  " ;  and  "  On  the  Grenesis  of  Binodal  Quartic 
Curves  from  Conies."     It  appears  to  have  been  Mr.  Jeffery's  inten- 
tion to  prepare  a  text-book  on  his  favourite  subjects.     Some  pro- 
gress was  made  in  the  preparation  of  such  a  work,  and  he  was  looking 
forward  with  considerable  interest  to  the  publication  of  a  treatise 
which  he  hoped  would  prove  useful  to  the  student  of  the  higher 
mathematics.     Only  last  summer,  while  the  writer  was  enjoying  his 
hospitality,  Mr.  Jeffery  exhibited  to  him  a  huge  quantity  of  mathe- 
matical manuscript,  beautifully  written  out  for  the  press,  in  the  pre-* 
paration  of  which  all  his  recent  leisure  hours  had  been  devoted.     He 
was  anticipating  with  evident  enthusiasm  the  prospect  of  an  early 
completion  of  his  labours  in  this  branch  of  pure  mathematics  by  the 
production  of  a  text- book ;  but,  alas  !  his  wishes  can  never  be  real- 
ised, for  the  small  portion  of  the  work  prepared  for  the  press  exists 
only  as  a  fragmentary  record  of  his  mathematical  talents,  and  of  the 
studious  activity  of  his  life  to  the  end.     His  last  original  paper  was 
communicaced  to  the  London  Mathematical  Society  only  a  few  weeks 
before  his  fatal  illness,  and  it  was  read  at  the  meeting  of  the  Society 
on  November  12,  nine   days  after  his  decease.     In  addition  to  his 
mathematical  work,  Mr.  Jeffery  has  occasionally  been  occupied  in 
other  fields  of  labour,   mostly  in   classics,    archasology,   and   topo- 
graphical history.     In  1853  he  wrote,  as  a  coadjutor  with  Dr.  B. 
B.  Humphreys,  on  classical  composition  in  Greek  iambics  and  Latin 
prose. 

On  his  retirement  from  Cheltenham  Grammar  School  Mr.  Jeffery, 
who  was  never  married,  took  up  his  residence  at  Falmouth,  partly 
that  he  might  be  in  a  convenient  locality  to  undertake  the  manage- 
ment of  a  considerable  amount  of  house  property  inherited  from  his 
&ther,  and  partly  on  account  of  the  comparatively  mild  winter 
climate  of  his  native  county.  Here  he  identified  himself  with  the 
active  management  of  several  local  scientific  institutions,  especially 
of  the  Boyal  Institution  of  Cornwall,  at  Truro,  and  the  Royal  Corn- 
wall Polytechnic  Society,  at  Falmouth,  in  both  of  which  he  had  filled 
the  office  of  Vice-President,  and  was  a  valued  contributor  to  their 
journals.  His  paper  on  the  "  Early  Topography  of  Falmouth,"  in 
the  *  Journal  of  the  Boyal  Institution  of  Cornwall,'  is  a  most  im- 
portant contribution  to  the  local  history  of  that  part  of  Cornwall. 
Mr.  Jeffery  was  the  Honorary  Secretary  of  the  new  Falmouth  Ob- 
servatory, in  which  he  has  taken  a  great  interest  since  ita  ioTmj^^vcysv. 
Mr.^  Kitto,   the  Superintendent,  haa  remarked  Xk^A.  \ift  ^«»  tjkm^Ji^. 


isd^Uea  to  Urn  lor  anrittuet  intiieiaS^  aifiimMaii  of  i^wml^ 
netograpli  work, »  depttteent  of  fte  OfaseHMmy  lb  iMA  Mt.ii* 
tey  jftM  m  oonsiMit  fammd:  aMentkm.  Bb  abo  vetetaied  imMk 
idSfootaon  for  Ae  Falmoaih  Gnunmftr  8<Ado]^  wlioie  lie  Moervod  liii 
firly  ednottliioii,  and  tUt  iio  wm  dwayi  xwidy  to  thoir  hf  Mb  oftfiee 
and  peciAkxy  snppori    Sis  lofls  will  bo  iovorolj  feK  lij  oH  iim$ 

.   ICr.  Jeflerj  was  eleoted  a  IWnim  of  ibe  Bojil  Sooiety  OA  Jt^ 
1880,  biit^  owing  to  the  distance  of  his  rendenoe  from  LonAon^  hs 
amty  had  an  oinportunity  of  attending  the  nioelings.    It  waa,  Iioir^ 
ovw^agveat  ddiglit  to  him  to  s|MSid  afswweaka  tnliiandon  eask 
jesr,  and  he  nanailf  oboae  the  montfn  of  Maj  or  Jnne,  so  that  hs 
migfat  enjoj  iiie  phasing  assoeiattoa  with  his  seienilflo  frienda  aft  cos 
of  the  aimaal  comifmrmmonm.    He  also  took  great  Inteiest  in  4s 
aieiitiyigs  of  ibe  British  Assooiationfor  tibe  AdTanoemement  of  Seiensi^ 
at  which  he  was  a  treqaent  attendaaott,  and  a  contributor  of  papsn. 
Tor  eOttie  jsars  past-lbr.  Jeffieqr  was  tronbledi  more  or  leas,'wift**ia 
iatsnial  complaint  which  ocoasioiiany  canssd  him  consideraMe  psi^ 
aooal  inconvoniencs,  and,  latterly^  he  sidhied  from  tiie  dlsots  of  ia* 
eomniai  but  sIDl  he  fematned  active  to  within  a  finrtntght  d  hk 
death,  often  waiPdngflomlMmonBi  to  Trnro^  ja  distsaee  of  atewtt  nfae 
or  ten  miles,  withoat  anj  apparent  laCigae;    He  was  a  great  I6f<rt^ 
long- walking  ezeroiBe,  and,  even  within  a  few  weeks  of  his  deaib, 
though  in  ill-health,  he  took  a  wearying  walk  of  about  twelve  miles. 
When  the  writer  visited  him  in  the  past  summer,  Mr.  Jefferj  ap- 
peared to  be  in  better  health  than  usual ;  but  in  the  middle  of  October 
the  disease  became  much  aggravated,  necessitating  an  operation,  and, 
after  a  short  illness,  accompanied  by  much  suffering,  he  graduallj 
sank.     On  the  Saturday  before  his  death  he  became  partially  uncon- 
scious, and  on  the  Monday  following  wholly  so,  and  in  this  condition 
he  passed'  away,  peacefully,  on  the  morning  of  Tuesday,  Kovember 
8,  1891,  in  the  sixty-sixth  year  of  his  age.    Three  days  afterwards 
his  remains  were  interred  in  the  family  vault,  with  his  father  and 
mother,  at  Owen  nap,  the  country  home  of  his  early  youth. 

B.  D. 

Henby  Bowman  Beady,  LL.D.,  was  bom  in  1835.  He  was  the 
second  son  of  Henry  Brady,  of  Gateshead,  who  for  fifty  years  carried 
on  an  extensive  practice  as  surgeon  in  that  town.  He  was  educated 
at  the  schools  of  the  Society  of  Friends,  at  Ackworth,  and  at  Tulketh 
Hall,  near  Preston.  His  father  was  a  naturalist,  and  instilled  into 
his  son  a  love  of  nature,  which  was  fostered  at  his  first  school ;  but 
the  influence  that  shaped  his  mature  career  came  from  the  colony  of 
naturalists  which  baa  had  ita  heado^uarters  at  Newcastle-on-Tyne  for 
several  generations,     T\i^  nam^a  ol  ^^<3!k-»  KJAst^  h^^xi-^  «xLd  John 


Hancock,  and  others  are  those  of  men  whom  Newcastle  has  contri- 
bnted  to  the  roll  of  English  naturalists,  and  the  Bradj  family  wonld 
seem  to  have  been  thoroughly  permeated  with  the  local  enthusiasm 
for  the  study  of  natural  history. 

On  leaving  school,  in  1850,  Brady  was  apprenticed  to  the  late  Mr. 
Thomas  Harvey,  pharmaceutical  chemist,  of  Leeds,  and  in  1855  he 
entered  upon  business  for  himself  in  Newcastle-on-Tyne. 

His  conspicuous  ability  soon  gained  for  him  the  support  of  the 
medical  profession  and  the  public,  and  he  laid  the  foundation  of  the 
very  extensive  business  in  wholesale  and  retail  pharmacy  and  scien- 
tific apparatus  subsequently  conducted  by  the  firm  of  Brady  and 
Martin.  During  the  twenty -one  years  of  his  business  life,  Mr.  Brady 
was  closely  identified  with  the  Pharmaceutical  Society,  and  he 
became  the  President  of  the  British  Pharmaceutical  Conference  in 
1872.  He  was  for  many  years  on  the  Council  of  the  Pharmaceutical 
Society,  and  greatly  contributed  to  the  progress  of  that  body  by 
developing  the  scientific  education  of  pharmaceotical  chemists. 

His  more  direct  contributions  to  science  were  in  the  form  of  re- 
searches in  natural  history,  especially  on  the  Foraminifera.  His  first 
publication  seems  to  have  been  a  contribution,  in  1863,  to  the  British 
Association,  as  a  report  on  the  dredging  of  the  Northumberland  coast 
and  Dogger  Bank ;  bis  last  was  a  paper  which  appeared  only  a  short 
time  ago,  on  the  minute  organisms  witb  which  bis  name  will  always 
be  connected.  Between  these  two  he  published  a  large  number  of 
researches,  including  a  monograph  on  Carboniferous  a^d  Permian 
Foraminifera,  an  exhaustive  report  on  the  Foraminifera  of  the  "  Chal- 
lenger "  Expedition,  as  well  as  monographs  on  Parkerta  and  Loftusia^ 
and  on  Polynwrphinaf  in  which  he  was  joint  author  with  Mr.  W.  K. 
Parker,  F.B.S.,  and  Professor  T.  Rupert  Jones,  F.B.S.  The  report  on 
the  Foraminifera  is  embodied  in  two  quarto  volumes,  one  containing 
814  pages  of  text,  and  the  other  114  plates,  which  possess  great  artistic 
merit.  The  bibliography  of  the  subject  alone  occupies  forty-six  pages 
of  the  first  volume.  The  illustrations  of  such  works  are  of  much 
importance,  and  the  author  gave  to  this  department  of  his  work  the 
fastidious  care  of  a  skilled  draughtsman.  By  these  works  he  not 
only  established  a  position  both  in  this  country  and  abroad  as  one  of 
the  highest  authorities  on  the  subject,  but,  what  is  of  more  import- 
ance, largely  advanced  our  knowledge.  Every  one  of  his  papers  is 
characterised  by  the  most  conscientious  accuracy  and  justice;  and 
though  his  attention  was  largely  directed  to  classification  and  to  the 
morphological  points  therein  involved,  his  mind,  as  several  of  his 
papers  indicate,  was  also  occupied  with  the  wider  problems  of  mor- 
phological and  biological  interest  which  the  study  of  these  lowly 
forms  suggests. 

In  1874  he  was  elected  a  Fellow  of  l\i\a  Soc\ft\.^^  wA  vck.^S^  ^^\i-^^^ 


nil  our  CottiHdSL    in  liw  Mtt*  ysftrlhir  UMtvp 
invtA  %Tf0t^hxm'i^  d^prea  «f  UkD,, !»  T»wigaili<»  of  kk  aaiMlili 
iMrfc»aadli«  idfo  Moeited  ^fron  fte  Btnpcvorof  Amtm  •  ittlwUi 
gold  medal,  as  a  mark  of  bis  appreeiAlioii  irf  tbe  iFaluaUe  awiataniia 
wlddi  Mr.  Bvadj  kad  raidered  to  flia  Hjot^UxumatL 
'   He  was  a  mail  ^  al%^t  phqpaiqva  and  daliottto  keaM^ 
yean  ke  waa  octepelled  to  ba^s  kia  baaiaeaa  and  aeek  tcfu^a  Hk 
warnier  elimaitoa  ikaa  oiir  oiwii.    Ir  km  travab  ke  ▼iatiad  4ka  UinilaJP 
Statta  of  Amarioai  tka  TJppar  Iffla^  liudia,  Oejioii,  Jmptsa^  JaY% 
Aaalralia,  Vww  Siaaiaaadj  and  vaiiofMl  iakii^  of  tka  Paeifio  Ooeaau 
&ia  laal  jomney  waa  in  tlie  wiate'^f  l8BfK  wlia&»  mtk  aona  fieiradai 
ka  Viaiind  Oairo  and  aaaabiad  tka  ITik.    Ha  was  kdd  up  aft  Chdni 
uritk  osdema  of  tiiafaal  and  iega,fe)miiykiiikka»avaryttto»aooir«rad, 
kot  tiba  aetoal  caasa  oi  kia  daattit  mbiA  aaoanad  on  tka  MMk  of 
Jaflaaary,  1891,  waa  a  ripid  aUaak  of  {meomooia. 

Ha  aoodmpliabad  an  immanae  amount  of  work,  wkioh  twiaiaa  aa  a 
momuneat  t»  kia  anwaariad  fatJenca  and  iadaalcy.  JffiaamiahiBty 
wan  for  kim  a  large  oixda  af  friinda,  and  ka  aoald  kairo  wiikad  no 
Ughar  tritaata  to  km  mamdrj  tbaa  timi  offarad  19^  Dr.  ^ 
wim  wrote  aa  fdlawa  in  «Hatoi%' Janaaiy  flIHk,  18HL.N^*«8Qiaima 
kaa  laal  a  ateady  and  fraMfnl  waAar,  andtmapaj  map.  oC  aeienoa 
kaaa  k>ai  a  friend  and  a  kelpmata  wkoaa  )ilaba.  ftayi  fiaet  mi  cam 
else  can  fill.  His  wide  knowledge  of  manj  branchea  of  aoientifie 
inquiry  and  his  large  acqaaintance  with  scientific  men  made  the 
hours  spent  with  him  always  profitable ;  his  sympathy  with  art 
and  literature,  and  that  special  knowledge  of  men  and  things  which 
belongs  only  to  the  travelled  man,  made  him  welcome  also  where 
science  was  nnknown,  while  the  brave  patience  with  which  he  bore 
the  many  troubles  of  enfeebled  health,  his  unselfish  tbonghtfulneaa 
for  interests  other  than  his  own,  and  a  sense  of  humour  which,  when 
needed,  led  him  to  desert  hia  usual  staid  demeanour  for  the  merriment 
of  the  moment,  endeared  him  to  all  his  friends." 

The  catalogues  of  the  Royal  Society  show  that,  down  to  1883,  Mr^ 
Brady  was  the  author  of  thirty  papers  and  monographs.  He  has 
bequeathed  to  the  Society  the  very  valuable  portion  of  his  library 
which  relates  to  the  study  of  the  Protozoa.  This  collection,  which 
now  forms  a  distinct  section  of  the  Society *s  Library,  and  for  the 
maintenance  and  increase  of  which  he  made  provision,  consists  of 
some  150  volumes,  including,  besides  many  older  works  on  the  subject 
of  great  rarity  and  value,  his  extensive  series  of  collected  excerpt 
*  Memoirs  and  Papers  relating  to  the  Foraminifera,'  gathered, 
arranged,  and  annotated  by  him  during  many  years  of  labour. 

W.  C.  Br.- A. 
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Sir  George  Edward  Paget  was  bom  at  Yarmouth  in  1809.  He 
"was  the  seventh  of  seventeen  children,  of  whom  Sir  James  Paget, 
Bart.,  F.R.S.,  is  the  only  survivor.  His  early  education  was  at  the 
Oharterhonse.  He  was  admitted  at  Caius  College,  Cambridge,  in 
1827,  and  graduated  in  Arts  as  Eighth  Wrangler  in  1831.  He  was 
elected  Fellow  of  his  college  in  1832,  graduated  as  M.B.  in  1833  and 
as  M.D.  in  1839,  was  elected  physician  to  Addenbrooke's  Hospital  in 
1841,  and  held  the  office  for  forty-three  years,  retiring  in  1884,  when 
a  marble  bust  of  him  was  placed  in  the  hospital,  as  a  memorial  of  his 
long  and  valued  services.  He  represented  the  University  of  Cam- 
bridge on  the  General  Medical  Council  from  1864  to  1869,  and  was 
then  chosen  President  of  the  Council,  from  which  post  he  retired  in 
1874.  In  1872  he  was  appointed  Regius  Professor  of  Physic  by  the 
Crown,  and  held  the  office  till  his  death.  He  became  Fellow  of  the 
Royal  Society  in  1873,  and  was  made  K.C.B.  in  1885.  He  became 
Fellow  of  the  Royal  College  of  Physicians  1839,  was  made  Hon.  M.D. 
Dublin  1867,  Hon.  D.C.L.  Durham  1870,  Hon.  LL.D.  Edinburgh 
1871,  Hon.  D.C.L.  Oxford  1872,  and  was  President  of  the  Meeting  of 
the  British  Medical  Association  at  Cambridge  in  1864.  His  writings 
were  "  A  Notice  of  an  Unpublished  Manuscript  of  Harvey  "  in  1850  ; 
the  "  Address  as  President  of  the  Medical  Association  "  in  1864 ;  the 
"  Harveian  Oration  "  in  1866 ;  and  various  papers  in  the  medical 
journals.  He  married  in  1851,  and  left  several  children.  He  died 
in  January,  1892.  He  was  an  excellent  physician,  and  enjoyed  large 
practice  in  and  around  Cambridge  for  many  years. 

He  was  a  man  of  great  ability  and  firm  character,  remarkably  quick,, 
yet  scrupulously  accurate,  truthful  and  very  cautious,  attentive  to- 
detail,  wise  in  judgment,  and  earnest  in  purpose.     By  his  wisdom^ 
watchfulness,  and  zeal  he  largely  promoted  the  success  of  the  Cam- 
bridge Medical  School ;  and  by  his  love  for  his  University  and  his 
rectitude  of  character  ho  won  the  confidence  of  the  men  of  Cambridge, 
who  all  regarded  him  with  respect  and  affection,  and  rejoiced  in  the 
honour  done  him  by  the  Queen  and  by  various  universities.     These 
qualities  and  his  genial,  kind  manner  gave  him  a  large  circle  of  warm 
friends.     Added  to  all  this,  his  brightness  and  cheerfulness,  his  great 
stores  of  accurate  information  and  his  inexhaustible  fund  of  anecdotes 
and  stories,  the  relation  of  which  in  his  precise  and  humorous  style 
was  most  telling,  and  his  fondness  of  social  life  made  him  a  delightful 
companion.     He  was  a  spare,  brisk,  active  man,  enjoyed  good  healthy 
and  continued  conscientiously  the  duties  of  his  professorship  till, 
having  entered  his  eighty-third  year,  he  succumbed  to  the  influenza  in 

January  last. 

G.  M.  H. 

Sir  James  Caird  was  the  son  of  James  Caird,  of  Stranraer,     H^ 
was  born  in  1816,  educated  at  Edinburgh!  H.\»\i^ri\ioo\%iiA^\3A:^«^'»^^ 


and  at  an  earl^  period  tamed  hie  atiention  to  tfaose  as^ricnJlnral  and 
econumic!  questions  to  which  he  oveiittiaUy  devoted  the  greater  part 
o(  his  life. 

In  !8i3  appeared  the  first  edition  of  btB  work  on  '  High  Fartaing,' 
and  in  th^  antnmn  of  that  year  he  visited  Ireland,  which  was  still 
suffering  from  the  eSeeta  of  the  famine  of  1846— i7,  and  reported  to 
the  Oovernment  upon  the  agi'icnltural  outlook  in  that  island.  In  the 
following  year  'The  Times"  obtained  (he  services  of  Mr.  Calrd  ae 
coromisBioner  to  investigate  the  condition  of  agriciiltare  in  England. 
HiB  letters  to  that  newspaper  constitnted  the  first  genera!  account  of 
English  agriculture  since  the  time  of  Arthur  Young,  and  they  after- 
wards appeared  io  book  form.  In  1859  he  published  an  account  of  n 
vinit  to  the  Prairie  Lands  of  the  Mississippi  Basin,  directing  atten- 
tion to  their  extraordinary  agricnUural  capabilities. 

In  1857  Mr.  Caird  entered  Parliament,  and  in  the  session  of  1804 
lie  at  length  carried  a.  resolution  in  favour  of  ihe  collection  of  agri- 
cultural BtAti^tics.  As  a  resnlt  of  this  vote  the  Agricultaral  Retarnn 
for  Great  Britain  were  commenced.  These  have  been  issued  annually 
since  1866,  and  have  proved  of  the  highest  value.  In  1869  he  again 
visited  Ireland  and  published  a  pamphlet  on  the  Land  Qnestioa. 

After  the  great  Indiaii  famine  of  187G-77,  Mr.  Caird  served  upon 
the  Commission  which  was  appointed  lo  enquire  into  the  whole  sub- 
ject, and  he  afterwards  embodied  his  oivn  views  nnd  conclusions  in 
his  work,  '  India ;  the  I^nd  and  the  People.' 

In  1882  Ur,  Caird  was  knighted,  being  created  E.C.B.  Id  1886 
he  joined  Earl  Cowper's  Irish  Commiasien,  and  in  1889,  npon  the 
formation  of  the  new  Board  of  Agriculture,  Sir  James  Caird  became 
a  member  of  the  Board,  and  was  appointed  a  Privy  Councillor.  One 
of  his  last  undertakings  was  the  preparation,  at  the  request  of  the 
Boyal  Agricultural  Society  of  England,  of  an  account  of  the  work  of 
the  Society  during  the  first  fifty  years  of  its  existence.  This  valnable 
retrospect  appeared  in  1890,  in  the  opening  number  of  the  Third 
Series  of  the  Society's  Journal,  nnder  the  title  of  "  Fifty  Tears'  Pro- 
gress of  British  Agricnltnre." 

Sir  James  Caird  was  elected  a  Fellow  of  the  Boyal  Society  in 
1875.  He  was  a  J.P.  for  Eirkcndbrightehire,  and  a  O.L.  and  J. P.  for 
'Wigtonshire.     He  died  in  London,  February  9,  1892. 

Colonel  James  Auodstub  Ghaht,  C.B.,  C.S.I.,  died  at  Nairn  on  the 
11th  Febmary.  He  was  bom  at  Nairn  in  1827,  "a  son  of  the 
manse,"  being  the  son  of  the  parish  minister.  After  being  educated 
at  the  Grammar  School,  and  at  Marischal  College,  Aberdeen,  he 
obtained  in  1846  a  commission  in  the  Indian  Army.  In  India  he 
saw  mach  hard  service  ■,  was  present  at  the  two  sieges  of  Mooltan, 
the  battle  of  Gujerat,  tfee  re\\«i  ol  li'O.Otxi'a'B,  <tm&e.T  Ha.v«Iock,  and 


XV 

liis  fingerless   right  hand    bore   testimony   to   the   wonnds  ho  re- 
ceivedi 

Bnt  his  claim  to  fame  and  public  notice  rests  npon  his  work  as  an 
African  explorer,  at  a  time  when  a  dark  pall  of  ignorance  still  spread 
over  most  of  Central  Africa,  and  when  the  real  sources  of  the  Nile 
were  still  a  mystery.  In  1859  Burton  and  Speke  returned  from  the 
heart  of  Africa,  after  the  former  had  discovered  Lake  Tanganyika, 
and  the  latter  Lake  Ukerewe,  which  he  named  the  Victoria  Nyanza, 
and  rightly  conjectured  to  be  the  main  source  of  the  Nile.  But 
the  two  allies  quarrelled,  and  Grant  from  the  first  championed  his 
friend  Speke,  and  accompanied  him  in  I860  when  he  was  commis- 
sioned by  the  Royal  Oeographical  Society  to  lead  an  expedition  for 
the  exploration  of  the  Victoria  Nyanza.  Crossing  to  the  mainland 
from  Zanzibar,  the  travellers  marched  byUnyanyembe  to  the  country 
on  the  west  shore  of  the  lake.  There  they  made  friends  with  the 
King  Bumanika,  of  whom,  and  the  men  who  constituted  the  ruling 
population  of  the  region.  Grant  often  spoke  in  kindly  remembrance. 
He  had  a  high  opinion  both  of  the  country  and  of  the  people,  and  was 
wont  to  compare  the  chiefs,  with  their  retainers,  to  the  old  chiefs  of 
his  native  Highlands,  who,  like  them,  were  cattle  rearers  and  cattle 
raiders,  proud  of  their  descent,  scornful  of  work,  but  hospitable  and 
honourable  after  their  own  fashion.  In  July,  1862,  the  explorers 
reached  their  goal,  the  point  where  the  Nile  issues  from  the  northern 
shore  of  the  Victoria  Nyanza,  thus  verifying  Speke*s  prediction. 
They  followed  the  Nile  for  120  miles,  when  they  were  obliged  to 
leave  it,  but  they  struck  it  again  70  miles  lower  down,  and  at  length 
resMshed  Gondokoro,  in  February,  1863,  where  they  met  Samuel 
Baker,  who  had  been  sent  out  to  assist  them.  On  their  return  to 
England  the  two  explorers  were  received  with  enthusiasm.  Grant 
was  given  the  Gold  Medal  of  the  Royal  Geographical  Society  in  1864, 
in  which  year  he  published  an  interesting  and  instructive  work,  under 
the  title  **  A  Walk  across  Africa ;  *'  he  also  contributed  to  the  account  of 
the  botany  of  the  expedition,  which  fills  a  volume  of  the  *  Transactions 
of  the  Linnean  Society.'  In  1866  he  was  made  a  Companion  of  the 
Bath.  In  1868  he  served  in  the  Abyssinian  campaign,  and  for  his 
services  was  made  a  Companion  of  the  Star  of  India.  He  became  a 
Fellow  of  the  Royal  Society  in  1873. 

He  was  one  of  the  simplest,  most  modest,  and  genial  of  men,  and  a 
universal  favorite  :  a  man  of  commanding  stature,  bat  with  the 
kindliest  expression  of  fac^.  After  his  return  from  Abyssinia,  his 
time  was  mostly  spent  between  London  and  Nairn.  His  death  has 
caused  a  sad  blank  in  the  large  circle  of  his  friends  and  acquaintances. 

J.  T.  W. 
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eorvee,  and  theirtie-lines  and  limiting 
points  (Wright),  872. 

on  the  melting  points  of  the  gold- 
aluminium  series  of  (Boberts-'Austen), 
867. 

<if  nickel  and  iron,  not©  on  the 

density  of  (Hopkinson),  121. 

Alternating  electric  currents,  repulsion 
and  rotation  produced  by  (Walker), 
265. 

Alurainiom-gold  alloys,  on  the  melting 
points  of  (Eoberts-AuAten),  367. 

Anderson  (William)  -elected,  1. 

admitted,  166. 

Anniversary  meeting,  216. 

Apteryx,  additional  observations  on' the 
development  of  (Parker),  840. 

Armstrong  (H.  E.)  and  G>.  H.  Robert- 
son, a  study  6f  the  Plants  lead- 
sulphurio  acid-lead  peroxide  cell, 
from  a  chemical  standpoint.  Tart  II. 
A  diseusaion  of 'the  chemical  chaoges 
oocurring  in  the  edl,  108. 

VOL.  L. 


Audibility  of  single  sound  waves,  and 

the  number  di  vibrations  necessary  to 

produce  a  tone,  note  on  the  (Herroun 

and  Teo),  818. 
Auditors  elected,  166. 

report  of,  218. 

Auriga,  on  the  new  star  in  (Lockyer), 

407,  466.     (See  also  Nova  Aurifre.) 
Ayrton  (W.  E.)  and  H.  Kilgour,  the 

thermal  emissivity  of  thin  wires   in 

air,  166. 
J.   Perry,  and  W.   E.  9umpner, 

quadrant  ^ectrometers,  53. 

Bayliss  (W.  M.)  and  E.  H.  Starling,  on 
the  electromotive  phenomena  of  the 
mammalian  heart,  211. 

Biologic  regions  and  tabulation  areas,  on 
(Clarke),  472. 

Blood,  preliminary  note  on  the  be- 
haviour of  sugar  in  (Harley),  442. 

Bonney  (T.  G-.)  note  on  some  specimens 
of  rock  which  have  been  exposed  to 
'high  temperatures,  895. 

Bower  (Frederick  Orpen)  elected,  1. 

admitted,  166. 

studies  in  the  morphology  of  spore- 
producing  members.  Preliminary 
statement  on  the  Lyeopodins  and 
Ophioglossaces,  265. 

Braay  (Henry  Bowman)  obituary 
notice  of,  x. 

Brennand  (W.)  on  Hindoo  astronomy, 
254. 

Brunton  (T.  L.)  and  S.  Del^pine,  on 
some  of  the  variations  observed  in  the 
rabbit'fi  liver  under  certain  physiolo- 
gical and  pathological  circumstances, 
209. 

Burbury  (S.  H.)  on  the  collision  of 
elastic  bodies,  175. 

Burch  (G.  J.)  on  the  time-relations  of 
the  excursions  of  the  capillary  electro- 
meter, with  a  description  of  the 
method  of  using  it  for  the  investiga- 
tion of  electrical  changes  of  shor 
duration,  172. 

Burton  (C.  I.)  and  W.  Marshall,  on  the 
measurement  of  the  heat  produced  by 
compressing  liquids  and  solids,  180. 

Caird  (Sir  James)  obituary  notice  of  ,xiii. 


C.illendw  {H.  L.)  on  a  oomponiated  aw 

tlieTino[n.^ter,  247. 
Cumiuaro  (SUoiiloo)  BW&rdrd  Caple; 

medttl.  220. 
Capillarj    elet>tn>inetBr,   on    the   timc- 

reUtions  of   tlio  eicumiona  of  the, 

with  ft  detcriplioii  ot  th«  method  of 

u>ing    it    for    the   inieatignlion    of 

elmtrinil   cliunges  of  short  duratioD 

(Bareh),  172- 
Carboniu  at-id,  msearohm  on  the  ■biorp- 

tion  of  oijgen  Bnd  fomitioii  of,  in 

orditinrj'  human  respintion  iiid   in 

the  Kapiration  of  air  oootaining  an 

txEen  at  cubonic  acid  (Manwt),  SK. 
Canlew  (Uaijor)  on  k  difFerential  el«c- 

trOdUUc   method   of  meuuring  high 

electrical  reiiituiiwa.  340. 
Cliai  .    " 

of  the  second  and 
Chlorophyll,  cantribntiong  to  the  ohem- 

iitry  of.   No.  IV  (Sohunck),  143,  303. 
Cbrouiutiii,  on  the  demonstmtiou  of  the 

pnjgODCs  of  iron  in,  bj  micro-Fhenuuil 

□letboda  (HiLoiJlum).  277. 
Circulation    and    respiration,     on    the 

changcFB  eroked  in  the.  bj  electrical 

einttttioD   of  the   floor  of   the   4th 

Tontricle  (Spflnoer),  142. 
Clarence  and  Arondale,  Duke  of,    ao- 

nouneenient  of  his  death,  318. 

-' meeting  adjoamcd,  318. 

Clarke  (C,  B.)  on  biologic  regioni  and 

tabulation  area*,  478. 
Clowea  (F.)  an  apparatui  lor  teating  the 

wniitireneM  of  aafetj-lsmpe,  1£2. 
Coal-meaiurea,  on  the  organiMtion  of 

the  foaiil  plants  of  the.    fait  XEX 

(Williamaon),  469. 
Cockle  (Sir  J.)  elected  an  auditor,  166. 
CoUiaion  of  elastic  bodiei,  on  the  (Bur- 

bui7),  176. 
Colour  photometrr.    fart  III  (Abne; 

and  Festing),  SH9. 
Common  (A.  A.)  Dot«  on  the  neceuitj  of 

uting  well'annealed  and  homogeneooi 

glBM  for  the   mirron  of  tdeacopea, 

253. 
CoDTOj  (Sir  John)  elected,  1. 

admitted,  79. 

CouncU,  nomination  of,  IM. 


Cruitaoea,  on  aome  hiitologiisl  feature* 
and  phjiiologioal  properties  of  the 
poetcasoplutgeBl  nerre  coid  of  the 
(Hard;),  144. 

CrjttmU,  on  the  thermal  conducUivUu 


ot,  and  other  bad  eondueton  (Ifn). 

4S1. 
CaDuingham  (Daniel  John)  etet'teil,  1. 

admitted,  120. 

Cjcionea,    thf   origin   and    progiwaiTt 

motions    of,   in    the    Weitem    Indis 

region  (Dallas),  131. 

Dallas  fW.  L.)  the  origin  and  progrct- 

■ivp    motions    of     cjclonea     in    tlu' 

Weslem  India  region,  121. 
Dawson  (George  Mercer)  elucted.  1- 
Delepine    (8.)  and   T.   L.  Bninton.  on 

some  of  the   variations  obserred   in 

the  rabbit's  lirer  under  certain  physio. 

loi^cal  and  pathological  ciroumetancet, 

209. 
Dewsr  (J.)  hi*  eiperimpQt  with  liquiJ 

oiygen  and  the  mBgoet.  247.  261 . 
his  eiperiuieat  with  liquid  oionr 

and  the  magnet.  261. 
Dines  (W.  H.)  on  the  pressure  of  wind 

on  Gitrred  ranee,  42. 
Donation  Fund,  grants  from  the,  246. 
Duncan  (Peter  Martin)  obituarr  notiM 

ot,  iT. 


.    ,  of  the  eODiDKin 

balance  (Pojnting),  40. 

Elaataa  bodies,  on  the  oallinon  ot  (Buv 
burj),  176. 

Election  ot  Cotmcil  and  Offioen,  231. 

ot  Fellows,  1,  818. 

Eleotrie  currents,  repulsion  and  rota- 
tion prodnoed  bv  alteniatini 
(Walker),  255. 

organ  of  the  (k»t«,  tha  (Ewait), 

474. 

Electrical  changes  of  short  dnraldon,  ob 
the  time-reli^ni  of  tha  ezcorsionl 
of  the  eapiUarr  eledmmeter,  with  a 
description  of  me  method  of  nsing  it 
for  the  iuTeetigatioD  of  (Buroh),  iTS. 

BTaporatlon,  on  (Cnrakea),  88. 

excitation  ot  the  floor  at  the  4th 

Tcnkriole,  on  the  changes  erokad  in 
the  oirciilation  and  reajnntion  b7 
(Bpenoer),  142. 


troslntio  tnethod  of  meaanrins  high 

(Cardew),  340. 
Bkctrdjsis  ot  silrer  nitrate  >■  roeae, 

on  the  (Bchiuter  and  Oroasle;),  844. 
Electromagnetic  field,  on    the   forces, 

stresses,  and  flniea  ot  anergr  in  the 

(HeaTinde),  126. 
Electrometer,  on  the  time-relatioii*  of 


the  eicnrsions  of  the  c^nUarr,  ^ 
criplion  ot  the  metbnd  of  osinc 
;  the  in*eatig*liian  of  elMtrical 


a  descript 


INT)EX. 


XIX 


changes  of  sliort  duration  (Burch), 
172. 

Electrometers,  quadrant  (Ayrton, 
Perry,  and  Sumpner),  53. 

ElectTomotiTC  phenomena  of  the  mam- 
malian heart,  on  the  (Bajliss  and 
Sterling),  211. 

Electrostatic  method  of  measuring  high 
electrical  resistences,  on  a  differential 
(Cardew),  340. 

Elliott  (Edwin  Bailey)  elected,  1. 

admitted,  79. 

Ethjl  alcohol,  on  the  mechanical 
stretching  of  liquids :  an  experimental 
determination  of  the  Tolume-extensi- 
hilitj  of  (Worthingtor),  423. 

Evaporation,  on  electrical  (Orookes),  88. 

Ewart  (J.  C.)  the  electric  oi^i^an  of  the 
skate  :  observations  on  the  structure, 
relations,  progressiye  deyelopment, 
and  growth  of  the  electric  organ  of 
the  skate,  474. 

Fellows  admittod,  79,  120, 166. 

deceased,  219. 

elected,  1,  219,  818. 

number  of,  242,  515. 

Festing  (Maj.-Gen.)    and  W.  de   W. 

Abney,  colour  photometry.     Fart  111, 

369. 
Financial  stetement,  233. 
Flesh,  on  the  bases   (organic)  in  the 

juice  of.    Part  I  (John^n),  287. 
Foreign  members,  election  of,  194. 
Fossil  plants  of  the  coal-measures,  on 

the  organisation  of  the.     Part  XIX 

(Williamson),  469. 
Foster  (M.)  note  on  the  history  of  the 

stetutes  of  the  Royal  Society,  501. 
Frankland  (Percy  Jbaraday)  elected,  1. 

admitted,  120. 

Friction  in  the  bores  of  rifled  guns, 

note   on    the    energy    absorbed    by 

(Noble),  409. 

Gallon  (F.)  elected  an  auditor,  166. 

Gaussian  functions,  determination  of 
the  Talue  of  the,  and  comparison  of 
simulteneouB  magnetic  disturbances 
at  several  observatories  (Adams),  129. 

Gestation  of  Indian  rays,  further  ob- 
servations on  the;  being  natural 
history  notes  from  H.M.  Indian 
Marine  Survey  steamer  "Investiga- 
tor." Series  2,  ^o.  11  (Wood-Mason 
and  Aloock),  202. 

GKlohrist  (Percy  C.)  elected,  1. 

admitted,  79. 

**  Ginger-beer  plant  *'  and  the  organisms 
composing  it:  a  contribution  to  the 
study  of  fermenUtion-}  easts  and 
bacteria  (Ward),  261,  358. 


Gt>ld-aluminium  series  of  alloys,  on  tiie 

melting  points  of  the  (Roberts- Austen), 

367. 
Gould  (Benjamin  Apthorp)  elected  a 

foreign  member,  194. 
Government  Grant  of  4,000^.,  account 

of  the  appropriation  of  the,  242. 
Grant    (James     Augustus),     obituary 

notice  of,  xiv. 
Gravitetion  constant  and  mean  dennity 

of  the  earth,  on  a  determination  of 

the,  by  means  of  the  common  balance 

(Poynting),  40. 
Guns,  note  on  the  energy  absorbed  by 

friction  in  the  bores  of  rifled  (Noble), 

409. 

Halliburton  (William  Dobinson)  elected, 

1. 

admitted,  79. 

Hardy  (W.   B.)   on  some  histological 

features  and  physiological  properties 

of  the  postoBsophageal  nerve  cord  of 

the  Crustacea,  144. 
Harley  (V.)  the  rdle  played  by  sugar  in 

the    animal  economy.      Preliminary 

note  on  the  behaviour  of  sugar  in 

blood,  442. 
Hawkshaw  (Sir  John)  obituary  notice 

of,  i. 
Heart,  contributions  to  the  physiology 

and    pathology  of    the    mammalian 

(Roy  and  Adami),  435. 
on  the  electromotive  phenomena 

of  the  mammalian  (Bayliss  and  Star- 

bug),  211. 
Heat  produced  by  compressing  liquids 

and  solids,  on  the  mensurement  of  the 

(Burton  and  Marshall),  130. 
Heathcote  (F.  G.)     See  F.  G.  Sinclair. 
Heaviside  (Oliver)  elected,  1. 
on  the  forces,  stresses,  and  fluxei* 

of  energy  in  the  electromagnetic  tieid, 

126. 
Hemisection    of    the    spinal    cord    in 

monkeys,  results  of  (Mott),  120. 
Herroun  (E.  F.)  and  G.  F.  Yeo,  note 

on  the    audibility  of    single    sound 

waves,  and  the  number  of  vibrations 

necessary  to  produce  a  tone,  318. 
Herschell  (Lord)  elected,  318. 

admitted,  407. 

Hill  (M.  J.  M.)  on  the  locus  of  singular 

points  and  lines  which  occur  in  con< 

ncxion  with  the  theory  of  the  locus 

of  ultimate  intersectioiis  of  a  system 

of  surfaces,  180. 
Hindoo  astronomy,  on  (Brennand),  2(54. 
Hopkinson  (J.)  note  on  the  density  of 

allojs  of  nickel  and  iron,  121. 
Huggins  (W.)  and  Mrs.  Huggins^  ^rc- 

i\m\na,rj  \\o\ftoii'&w^  feL^xtv^fc^^»K». 


den«iti«s  ol 

Iii-IubUitj  of  periodic  motion,  on 
(Thonuon),  194. 

Iron  and  nivkpl,  uote  on  th?  dpatitj  of 
bIIo^b  of  (HopkiuHin),  ISl. 

sud  other  maRnfitiu  BUbatanCQa,  OD 

the  iufloenoe  of  tumperature  npou  tlio 
mii^DtiBatioii  of  (Wilde),  100. 

ui  chromatin,  on  the  dpiuonstra- 

lion  of  the  prrwncB  of.  bj  niiero- 
chemioal  methods  (Uiiotdlum},  377. 

Jetterj  (Ueurf  Msrtjn)  obituary  iiotdi:e 


Kew  Committee,  appendix  to  repurt  far 

ISeO,  loG. 
Eilnmr   iH.]  and   W.  E.  AjrtAn,  the 

thernul  oiniuivit?  of  thin  irin»  in 

air,  leU. 

Liingley  {J,  N.)  on  the  orifiin  from  the 
gpinal  cord  of  the  wrricsl  and  uppor 
Ihonciesyinpiitbstic  fibre*,  vith  Kiina 
obBerratioDs  on  white  and  grej  rami 


Prelim  iaarr  ccim- 
municntion  (Stimrt),  323. 

Lee*  (C.  H.)  oil  the  thmntil  eondiic- 
(iritim  of  crjatola  and  other  had  coti- 
duptors,  4il. 

Lejden  ]are,  eiperinenta  on  the  dii- 
chnrge  of  (Lodge),  2. 

l.'iqtiidi,  on  the  metihanical  stretabing 
of,  an  eipcritoental  deterniinBlion  of 
the  volume  -  exlenaibilitv  of  ethjl 
alcohol  (Worthinglou),  428. 

l.i'-er,  on  some  of  the  lartatioiiii  abaerved 
in  the  rabbit'i,  under  certain  pb^aio- 
logical  and  palbologioal  ciruuni' 
stancea  (Brunton  and  Delrpinr),  S09. 

lidokyor  |J.  K.)  n6t6  on  the  ipetlmm 
ofKon  Auri^E,  431. 

on  the  new  star  in   Auriga,  407, 

466. 

Locua  of  lingular  points  and  Unn  witii'h 
ODCur  in  connexion  witb  the  theorv  of 
tlie  locua  of  ultimate  iiite  [sections  of 
a  jjatoui  of  DurfacPB,  on  tie   (Hill), 


877. 

Magnetic  diatnrbaneee  at  aatetal  ob. 
atrrrfttoriM,  comparwon  of  aimul- 
ltmM>ua,  and  determination  of  th'.' 
value  of  the  Qaun^iui  functions  (or 
IhoM  observatoriea  (Adams).  13!). 

MagneKastion  of  iron  and  otlier  inag- 
Detit-  mb«tance#.  on  the  influence  of 
tempemtare  upon  the  (Wilde),  109. 

Mdmmalian  heart,  contributiona  to  thf 
ph jaiolo(!y  and  pathok^  of  the  ( Bui 
and  Adami),  4Se. 

on   the  rleetromotiTB  pheno- 

ioa  of  the  (Bij'iiaa  and  Starlingl, 


1  the  abaori'- 


Zll. 
Morcet  (W.)  raaeanbea  o 

tioB    of    oiygen    and    lonuawin    r.i 

carbonic  arid  in  ordinarjr  human 
reapiration,  and  in  the  reipiimtion  ■  ■' 
air  containing  an  eieeaa  of  oartwnii 

Uarr  (John  Edward)  eleel«d,  I. 

admitted,  79. 

MarahuU  (W.)  and  C.  I.  Burton,  oii 
the  measurement  of  the  heat  produced 
hj  eompmaing  liquid i  and  solidi. 
ISO. 

Maxwell- BoHzmann  doctrine  regaiditu; 
dietribution  of  eocrgy,  on  some  te*t 
Bviea  for  the  (Thomson),  79. 

Mean  denaitr  of  the  earth  and  tli<' 
graritation  conalant,  on  a  detenninu- 
tion  of  the,  bv  means  of  the  common 
balance  (PojntiuR).  40. 

Medali  in  the  po«aea«ian  of  the  Boral 
Sooietj,  eatalogui'  of  the,  G]M. 


231. 

Mirrors  of  telcscnpea,  noto  on  the 
ncccBeitj  of  uaing  well-annealed  and 
homogeneous  glaaa  for  the  (Common). 
2S2. 

Moad  (Ludwip)  Bleotad,  I. 

admitted,  79. 

MoM  (P.  W.)  reanlta  of  henuMetion  ef 
the  spinal  cord  in  monUya,  1«0. 

MTriapoda,  a  new  mode  of  respintioii 
'in  the  (Bindair),  200,  358. 


Siekel  and  iron,  note  on  %e  denaitr  "f 

aUoja  of  (Ilopkinson),  121. 
Noble  (A.)  notii  on  the  energj  absorheil 

bj  friction  in  the  bores  of  rifled  guni-, 

409. 
NotB  AurigE.  note  on  the  vpeotrum  or 

(Lockjer),  4S1.      (See  Auripi.) 


Mat'oiitutt  (A.  B.)   on  tlie   demooiilrft-  Enwon4'ain^im^,«6, 
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• 

Obituary  notices  of  Fellows  deceased : — 

Brady,  Henry  Bowman,  x. 

Caird,  Sir  James,  xiii. 

Duncan,  Peter  Martin,  iv. 

Grant,  James  Augustus,  xiv. 

JHawkshaw,  Sir  John,  i. 

Jefferj,  Henry  Martyn,  Tii 

Paget,  Sir  George  £dward,  xiii. 
Officers,  nomination  of,  194. 

election  of,  231. 

OxTgen,  experiment  on  magnetism  of 

liquid,  247,  261. 
— — —  researches  on  the  absorption  of, 

and  formation  of  carbonic  acid,  in 

ordinary  human  respiration   and  in 

the  respiration  of  air  containing  an 

excess  of  carbonic  add  (Marcet),  68. 
and    hydrogen,  on    the    relative 

densities  of,  No.  II  (Bayieigh),  448. 
Ozone,  experiment  with  liquid,  261. 

Paget  (Sir  George   Edward)    obituary 

notice  of,  xiii. 
Parker   (T.  J.)  additional  observations 

on  the  development  of  ApteryXf  840. 
Periodic     motion,     on    instability    of 

(Thomson),  194. 
Perry  (J.),  W.  E.  Sumpner,  and  W.  E. 

Ayrton,  quadrant  electrometers,  63. 
Photometry,  colour.    Pari. Ill  (Abney 

and  Festing),  369. 
Plants  lead-sulphuric  acid-lead  peroxide 

cell,  a  study  of  the,  from  a  chemical 

standpoint.      Part    I     (Robertson), 

106. 
Part  II.    A  discussion  of  the 

chemical  changes  occurring  in  the  cell 

(Armstrong  and  Robertson),  108. 
Portnuts  and  busts  in  the  apiurtments  of 

the  Royal  Society,  list  of,  616. 
Post<Mopnageal  nerve  cord  of  the  Crus- 
tacea, on   some  histological  features 

and  physiological  properties  of  the 

(Haidy),  144. 
Poynting  (J.  H.)  on  a  determination  of 

the  mean  density  of  the  eartli  and 

tlie  gravitation  constant  by  means  of 

the  common  balance,  40. 
Presents,  lists  of,  76,  118,  144,  187,  214, 

267,  274,  369,  403,  426,   443,  463, 

476. 
President,  address  of  the,  219. 
—^  congratulations  of  Soqiety  offered 

to,  on  his  elevation  to  the  peerage, 

818. 

Quadrant  electrometers  (Ayrton,  Perry, 

and  Sumpner),  68. 
Queen,   address  of    sympathy   to   the, 

318. 
letter  of  acknowledgment  for, 

481. 


Rami  eommunicante^,  some  observa- 
tions on  while  and  grey  (Langley), 
446. 

Ramsay  (W.)  and  S.  Young,  on  some  of 
the  properties  of  water  and  of  steam, 
264. 

Rayleigh  (Lord)  on  the  relative  densi- 
ties of  hydrogen  and  oxygen.  No.  II, 
448. 

Rays,  further  observations  on  the  gesta- 
tion of  Indian ;  being  natural  history 
notes  from  H.M.  Indian  Marine  Sur- 
vey steamer  "  Investigator."  Series 
II,  No.  2  (Wood-Mason  and  Alcock), 
202. 

Repulsion  and  rotation  produced  by 
alternating  electric  currents  (Walker) , 
266. 

Respiration,  researches  on  the  absorp- 
tion of  oxygen  and  formation  of 
carbonic  acid  in  ordinary  human,  and 
in  the  respiration  of  air  containing  an 
excess  of  carbonic  acid  (Marcet),  68. 

■  and  circulation,  on  the  changes 
evoked  in  the,  by  electrical  excitation 
of  the  floor  of  the  4th  ventricle 
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